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I. INTRODUCTION 


1. MANUAL CONTENTS 


This manual consists of 5 major sections and three appendices, 
These 5 sections cover a) a description of the external connections 
required, b) detailed descriptions of the operational features 
and how to use them, c) logic diagrams/schematics and descriptions 
of how the logic works, d) the expansion buses and how to use 
them, and e) hints on troubleshooting in case of difficulty. 
Appendix A contains parts lists and assembly instructions for 
the basic SUPER ELF and available options, Appendix B contains 
complete data sheets on both the 1802 CPU and the 1861 video 
graphics generator, Appendix C contains some basic software 
information to help you get started, 

2. EXTERNAL CONNECTIONS 


All external connections are located in the upper left hand 
corner of the printed circuit board, These connections are sum- 
marized here and discussed in more detail in both Section III 
Logic Design and Appendix A Parts List and Assembly Instructions, 
Starting at the upper lefthand corner and going to the right, the 
BAT pair of connections are used for the 2.4V standby Ni-Cad 
battery included in the memory saver option, Next are the SWI 
connections used to connect the battery to the Rams (also used in 
the memory saver option, Next are the SW2 connections used to dis- 
able the Rams (also used in the memory saver option). Next are 
éhe AC connections which are used to supply power to the board 
from the supplied plug-in transformer, Going back to the upper 
lefthand corner and going down the left edge is the SPKR connec- 
tions, This is the amplified output of the Q line, Normally a 
Speaker 18 connected here for audio effects. However, these 
connections can also be used as a serial output port or а relay 
driver, Next аге the VID connections which аге an amplified 
composite (sync and video) video Signal of approximately 2 volts 
peak to peak, This output may drive a video monitor directly or 
it may be used to drive an RF modulator to allow connections to 
any TV set's antenna terminals, Some RF modulators available 
for this use work much better than others, One that has been 
tested and approved is the VAMP INC, Model RFVM-1 which 1s avail- 
able through QUEST, | 
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1. HARDWARE ASSIGNMENTS 
The SUPER ELF has been designed using the following hardware 
assignments, 


Video Display ON ΟΡ Code 61. 
Video Display OFF Op Code 62, 
HEX Keyboard Input Op Code 6C, 
HEX Display Output ΟΡ Code 64, 
Video Display Status Line EF1, 
Input Switch Status Line EFL, 


2. CONTROLS DESCRIPTION 


The following is a description of the 24 key keyboard controls, 


R 


RESET - Puts the CPU in the RESET mode, These additional 
functions are reset if they were set, 

1. Single Step 

2, Memory Protect 

3. ROM Select 


L .LOAD = Puts the CPU in the LOAD mode from the RESET mode, 


INPUT - Inputs data from the HEX keypad to the data bus 
in the LOAD mode, In the RUN mode the EFL Status Line 
1s LOW while the key is depressed, 

MEMORY PROTECT - Prevents writing into memory, Useful in 
the LOAD mode to verify the load. Cannot be used in the 
RUN mode with the basic unexpanded board, 

MONITOR - Selects the on-board monitor. Replaces the 
first 20 HEX locations in memory with the monitor ROM, 
Location 20 HEX is used by the monitor, so user programs 
must not start before location 21 HEX when using the 
monitor, 

SINGLE STEP - Allows single stepping through the program 
one machine cycle at a time, The stopping point is the 
negative edge of the TPA pulse of each machine cycle, 
This function is used with the RUN switch, When in the 
SINGLE STEP mode, the DATA/OUTPUT displays display the 
DATA bus, 


G RUN or GO puts the CPU in the RUN mode from either the 
WAIT or RESET modes, If single step has been selected, 
only one machine cycle will be executed at a time with 
each momentary key depression, Holding the RUN button 
down will result in slowly stepping through the program 
one machine cycle at a time, 

W WAIT puts the CPU in the WAIT state if previously in the 
RUN state, Puts the CPU in the LOAD state from the 
RESET state, Resets memory protect, 

О through F - HEX keypad stores the last TWO key depressions 
for input to the 8 bit data bus. The last key depressed 
1s the least significant 4 bits of the 8 bit data word. 


3. INDICATORS AND DISPLAYS DESCRIPTION 
The SUPER ELF has nine LEDS and two HEX displays (4 а441- 
tional HEX displays are optional. 
A. The LEDS shows 
ID FUNCTION 
Q Status of Q line 


L CPU in LOAD mode 
R CPU in RESET mode 
G CPU in RUN mode 
W CPU in WAIT mode 


CPU in state 
CPU in state 
CPU 1η state 
CPU in state 

NOTE: LED logic is active high. 

B, The two HEX displays are normally an output port.  How- 
ever, in the SINGLE STEP mode, the displays show the contents of 
the data bus. 

C, The 4 optional HEX displays show the contents of the 
address bus, 
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ц, OPERATION WITHOUT THE ROM MONITOR 
A. Loading programs 1s done in the LOAD mode, If you have 
purchased the address display option, the address just loaded 
will be displayed along with the address contents, All loading 
must start at location OOHEX, 
(1) To load a program, 
a, Push RESET Н key. 
b. Push LOAD L key. 
c, Push the 2 HEX keypad keys corresponding to 
the contents of address OOHEX, 
d. Push the INPUT I switch, 
е, The contents of address OOHEX will be displayed 
by the data displays. 
f. Push the 2 HEX keypad keys corresponding to the 
contents of the next address, 
g. Push the INPUT I switch, 
h, The contents of that address will be displayed. 
1. Repeat steps f and g until the entire program 
1s loaded, 
(2) To make corrections. . 
&, Push RESET R key. 
b. Push LOAD L key. 
c, Push Memory Protect P key. 
d, Push the INPUT I key until the preceding loca- 
tion is reached. 
е, Load the HEX keypad with the corrected data 
word, : 
f. Push the WAIT W key to enable memory writing. 
g. Push the INPUT I key to load the correction 
data word, 
(3) To run programs, 
a, Push the RESET R key. 
b, Push the RUN G key, The program will start 
executing at address OOHEX, 
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§, OPERATION WITH THE ROM MONITOR 

The SUPER ELF monitor allows us to do three things, 

A, Loading a program starting at any location. 

B, Examine any location in memory (including the monitor 
itself). 

C. Starting a program at any location, 

NOTE: This monitor only works with PAGE ZERO ( the first 256 
words of memory). 


A, To use the monitor to load а program, 

(1) Push RESET R key. 

(2) Push the two HEX keypad keys corresponding to the 
starting address noting the output display will correspond to 
the key depressions, 

(3) Push the MONITOR M select key, 

(4) Push the RUN G key and the data display will indi- 
cate the memory address selected, 

(5) Push HEX keys 0 and 2 in that order noting the display 
will instantly display the last two keys depressed, 

(6) Push the INPUT I key and the Q light will come on 
indicating that memory writing is occurring. 

(7) Push the two HEX keypad keys corresponding to the 
data going into the memory, again noting the instant display of 
the key depression. 

(8) Push the INPUT I key to advance to the next memory 
address, 

(9) Repeat steps 7 and 8 for the remainder of the pro- 
gram, Do not push the INPUT I key after the last program byte 
is loaded, 

(10) Push the RESET R key when completed. 
В, To use the monitor to read out memory contents, 

(1) Push the RESET R key. 

(2) Push the two HEX keypad keys corresponding to the 
starting address, 

(3) Push the Monitor M select key. 

(4) Push the RUN G key and the data display will indi- 
cate the selected memory address, 

(5) Push HEX keypad keys 0 and 1 in that order. 

(6) Push the INPUT I key and the data display will 
indicate the contents of the specified memory location, ж 


11 
(7) Continue to push the INPUT I key to step through 
the memory contents one at a time, 
(8) Push the RESET R key when completed, 
NOTE: The contents of the monitor may be read out by using 
memory location 00 1n step 2. 
C. To use the monitor to start execution of & program at 
any location. 
(1) Push the RESET R key. 
(2) Push the two HEX keypad keys corresponding to the 
starting address. 
(3) Push the Monitor M select key. 
(4) Push the RUN G key and the data display will indi- 
cate the selected starting address. 
(5) Push the HEX keypad key O twice, 
(6) Push the INPUT I key and the program will start 
executing, 


6, USING SINGLE STEP/SLOW STEP 

The SUPER ELF has the ability to step through programs one 
machine cycle at a time, Execution is halted at the negative edge 
of the TPA signal in each machine cycle, At this point, the CPU 
4s in the process of executing the current instruction cycle. The 
instruction set timing diagrams in APPENDIX B should be consulted 
to determine the hardware state corresponding to the instruction 
being executed, If the address displays are installed, the address 
and data bus will display CPU registers, etc., as shown in Appendix 
B, Table ТТ, l. 

The value of this display capability during program debugging 
cannot be overstated, You can see the contents of the register 
during the execute cycle of the instruction, Careful study of Table 
II 1n Appendix B will provide you with valuable information regard- 
ing the displays during the single step mode, 


The single step/à81ow step mode may be entered from the RESET 
state or the WAIT state by pushing the Single Step S key. Pro- 
gram execution may then be started or resumed by pushing the RUN G 
key. A single push of the RUN G key will advance the program one 
machine cycle, Holding the RUN С key down will advance the program 
at a rate of approximately 1 to 2 machine cycles per second. Re- 
leasing the RUN G key will stop execution. Pushing the WAIT W key 
disables the single step mode and then pushing the RUN G key resumes 
normal speed operation, 
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III LOGIC DESIGN DESCRIFTION 


1. HEXIDECIMAL KEYBOARD ( Figure 1 ) 


e . The keys are 
arranged іп a 4x4 matrix, The encoder uses scanning to determine 
which key 18 depressed, The scanning frequency 15 determined by 
C7 and is nominally 600 cps. The switch debounce is internally 
eliminated, with the debounce period set by C9 to nominally 25ms, 
When a key is depressed, the data available (DA) line goes high 
after the debounce period. If a second key is depressed before the 
first key is released, releasing the first key will force the DA 
line low and then, after the debounce period, DA will go high for 
the second key. This is called two key roll-over. The DA line 
will stay high as long as the key is depressed, The output data 
word is retained until the NEXT key depression causes an another 
DA pulse, The data word does not change from old to new until 
AFTER the leading edge of the DA pulse, This feature allows storing 
the old data word using the DA pulse to latch a special zero 
input delay latch, This latch, а 74C175, uses the next DA pulse 
to store the previous data word, This approach allows the generation 
of a 8 bit data word using the last two HEX keys depressed. The 
last key depressed is the least significant HEX character of the 
2 HEX character w T 


word, e resu ng 8 bit word is gated on to the bi-directional 

data bus by special CMOS devices called bilateral switches. Two 

4016 I/c*s are used, each containing 4 switches. Each switch 

behaves as a very high resistance when off and as a 300 ohm 

resistor when оп. The ON/OFF control is isolated from the "contacts " 
The switches are wired as one 8 pole single throw switch, The 
keyboard input signal, KBIN, gates the data word onto the data bus, 
This results from the execution of the 1/0 port input command 

6C or pushing the input key during the load mode, 
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2. CONTROL CIRCUITS GR S W (Figure 2) 


Depressing the button causes з state of the schmidt trigger 
папа gate (029 to change, The output goes low and is converted 

to a high using U5 as an inverter, The D flip flop (012) is set 

by this high causing the not Q output to go low, This low signal 

18 nored with the load flip flop output (Figure 3) to pull the 

Clear line down and cause the cpu to enter the run state (from 

the reset state), The above 05 high output resets the wait flip 

flop 016 (if 1% was set) and allows νη. the run state from 

the wait state, 

Depressing the button 
causes the state of the schmidt trigger папа gate (U21) to change. 
fhe output goes high and sets the D flip flop (016), The Q output 
of 016 18 ored with the single step logic and nanded with the load 
FF (U9) to control the wait line. With a high output of 016 the wait 
line (U6P2) is pulled low pansing the cpu to enter the wait stste 
from the run state, T : ` ---λη- 


Depressing the button sets the D flip flop (016), апа the not Q 
output goes low, This is the single step stop request signal. 
The two flip flops in U8 are set and reset by thm ТРА and TPB 
timing pulses, The not Q output is low between TPA and TPB, This 
low is enabled by the single step flip flop output, and steps the 
CPU by causing it to enter the wait state, When in the wait state, 


timing pulses ТРА апа TPB are s and thus TPB c 
8's output, ashing tha κιν S d 


The next machine cycle will output а TPA pulse and if e Single 
step mode is selected, the CPU will again enter the wait stste,. 
In this manner it 1s possible to step thru a program one machine 
cycle at a time. The stopp&ng point is just after the negative 
edge of TPA which is in the middle of execution of an instruction. 
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The timing diagrams in the appendix should be consulted to determine 
specifically where the instruction execution has stopped. Note that 
there are at least two and sometimes three maching cycles per 


When the button 


is pushed and held, the oscillator is enabled and starts outputting 
pulses (equivalent to TPB) at approximately Two per second. The 
same feature could be accomplished simply by repetitively pushing 
the button, The initial delay for the first pulse is caused by the 
time it takes to charge C6 up to the schmidt trigger operating 
point. 


he put ) гезе 31ng the button causes 
the state of 1 rigge > change putting a high on the 
reset line.All other functions аге reset by this control. 


3. CONTROL CIRCUITS M P I L (Figure $) 


лара p Depressing 
the button causes the D flip flop (U12) to be e The not Q output 


goes low апа this signal 45 used to select the ROM when the first 
32 locat | dressed See шал 4) 


| ° ner Depressing the 
button causes the D flip flop (U10) to be set, The Q output 18 ored 
with the CPU MWR signa! 


i | 


r 

| Ihe Q output is nored 
8 clear and walt CPU co forcing them low and putting 
the CPU in the wait state, 


causes the state of the schmidt trigge 21) to change to low, 


This pulls the EF4 CPU sense line lou, This signal can be used by а 
program to detect that input data is available, Also the D flip flop 
(07) is clocked causë&ñg the DMAIN signal to go low, this signal 

is used by the CPU in the "built in" load mode to load data into 
memory. 
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4, DISPLAY CONTROL (Figure 4) 


a dec when to ens 
: | | TPB and MRD along with sither 
load or N2 are anded together to detect the execution of ап 
output instruction and enable the displays, One additional 
logic element has been added to switch the displays from an output 
display to а data bus display. When the single step mode 1з selected 
this signal is gated with the display select signal forcing the 
displays onto the data bus all the time. 

The same figure also shows the logic for enabling the input 
data word, In this case either LOAD or N2 and MRD cause the input 
to be selected, 


(OA 


5. ВОМ/ВАМ SELECT (Figure 4) 


: | | 5, Address lines A5,A6, 
and A? are all zero for the first 32 locatéons, These signals are 
anded with the ROM select signal and the result is anded with MRD 
to enable the ROM during memory reads of the first 32 locations. 
If the ROM is not selected than the RAM must be selected, This 
signal is used with either MW or MRD to enable the RAM for a 
memory read or write, 
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6. RAM/ROM MEMORY (Figure 5) 


` -of two 2101 MOS memorvs [5 : £ е 
3, Their address lines are in parallel to result 
in а memory organized as 256χ8, The ROM is a TTL fusable link 


PROM organizeü as 32x8, Its output data lines are Tri-State so that 
us unless the ROM is selected 


(Figure 4), In addition to the 
RAM select signal (Figure 4) The output is enabled by MRD and 
read / write control is by МИ, There is an additional RAM select 
signal which is active high and normally held up by R18, In the 
memory saver option this line 1s lowered to disable the RAM prior 
to power down to prevent random write pulses during up or down. 
Note that the address and data lines are not connected in 
accordance with the RAM manufacturers convention for ΑΟ, А1---А7, 
D0----D7, This 18 done for convenience of circuit board layout 
and causes no problem in operation, 


they are not 


7. STATE/MODE DISPLAY (Figure 6) 


MODE CLEAR WAIT 


LOAD LOW LOW 
RESET LOW HIGH 
RUN HIGH HIGH 
WAIT HIGH LOW 
STATE 801 Sco 
SO (Fetch) LOW LOW 
81 (Execute) LOW HIGH 
S2 (DMA) HIGH LOW 
S3 (INT) HIGH HIGH 


The two input lines are inverted and the normal and 
inverted signals are input to the and gates, only one and gate is 
true at a time, This output is inverted in the corresponding 
4049 driver and provides a current limited sink of approximately 
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State/Mode Display 


Figure 6 
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Output/Data Display 
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Figure 7 
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15ma to light the LED. the use of а 4049 eliminates the need for a 
series resistor since it is internally current limited to a safe 
value with a 5v supply . 

Only one STATE or MODE led can be on at a time, However due to 
the persistance of vision, more than one STATE led may appear to 
be on when the CPU is in the run mode, 


8, OUTFUT/DATA DISPLAY (Figure 7) 


, the display drivers are combination decoders, latches, and current 
lamited drivers, Except for loading considerations, they could 

be connected directly to the data bus, Buffers are used to reduce 
the loading to a CMOS load, When the display drivers are enabled 
they latch the pophent of the data bus anå ο the stored 
value Шинээ ui rterne ent > bee 


э: E Although the display drivers run hot, they 
are жа "peii as they were designed. 


9, ADDRESS BUFFERS/LATCH (Figure 8) 


The high address if any is present on the 
address bus during the TPA timing pulse, This allows latching the 
high address with the TPA signal, The high address lines are 
also buffered. 
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10, ADDRESS DISPLAY (Figure 9) 


The address bus contents may be displayed using the optional 
displays. The displags and drivers are the same as the output/data 
displays, In this case the displays are always enabled so that they 
show. what is on the address bus at any time. Thus, during program 
execution in the RUN mode, they usually appear some what dim and 
look l&ke they are displaying eights, In the slow step mode they 
provide a usefull debug tool. During the manual load mode they pro- 
vide & read out of the location and content just loaded, Note that 
they are not usable when loading using the monitor. Unless you 
go to the single step mode and follow the program execution. 


11, POWER SUPPLY (Figure 10) 


The power supply for the basic kit consists of & wall plug 
transformer with a 10 volt output which is rectified by the 
bridge rectifier (D2,D3,D6,D7) and filtered by C1. The resulting 
voltage is higher than necessary and is dropped by the series 
diode string (D10,D12,D15,D16) and input to the regulator (this 
reduces the regulator power dissipation). C15 1s used to provide 
Stable regulator operation, The output bus 1s called +А and the 
nominal current is 500ma, Noise on the bus is reduced by the bus/ 
ground layout around the edge of the board and by bypass capacitors 
C3,C5,C9,and C10, 

The address displays have their own power supply which 
is identical in design to the main supply. The load on this supply 
with all four address displays jm almost the same as the basic supply 
Almost all the power goes to the léds and displays, 


12, MEMORY SAVER (Figure 10) 


The memory saver consists of a third Supply which supplies 
only the RAM's (by cutting J1), Ni-Cad batteries are used to 
provide standby power, They are automatically charged when power 
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4s on, The switch grounds the RAM select to prevent power tran- 
Sients from causing random memory writing during power on/off.  D19 
isolates the batteries from the power bus when it is off. 


13, VIDEO GENERATOR (Figure 11) 


The video generator consists of ал1861 Video Display 
Controlle# and a video amplifier, The operation of the 1861 
is covered in the appendix data sheets, The video amplifier combines 
the syne pulses with the video signal and provides a low impedance 
drive with sufficient power to all tssted video monitors 
and RF modulators, 


14, I/O PORT SELECTION (Figure 11) 


The I/O port decoder is a BCD to Decimal decoder used аз а 
3 1&ne to one of eight line decoder, Use of the 1/0 lines 
directly from the CPU is Permitted but limits the design to 
а maximum of 3 input and 3 output ports. ByDecoding the lines 
the number of input and output ports is increased to seven, 


15. Q CIRCUIT (Figure 11) 


The Q LED is driven by a current limited inverter like 
the STATE/MODE LED's, An audio amplifier and speaker is also 
connected to the Q line. The Speaker can be replaced with a 
relay by shorting out R4, 


16, CLOCK GENERATOR (Figure 11) 


The Clock Generator is a TTL and gate used as an inverting 
amplifier, R15 and R16 bias the TTL logic into the linear region. 
The third gate is used as a buffer to the divide by 2 flip flop. 
R14 1s a pullup for TTL to CMOS logic shifting and Ch acts as a 
low pass filter to suppress overshoot, CMOS logic is too slow with 
a 5v supply to be used at 3.5 MC, 
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IV EXPANSION BUS 
n. CAPABILITIES 
The SUPER ELF has two types of expansion buses, 


The first is a standard 44-pin connector, This connector 
and matching plug-in printed circuit cards are readily available 
locally or may be purchased from QUEST, This 44-pin bus provides 
all the signals normally required for expanded memory (including 
all 16 bits of address if address options are incorporated), in- 
put/output ports and other common applications. 


The second expansion bus is a 50-ріп bus designed to inter- 
face with 50-pin flat cable connectors, This bus is specifically 
designed to tnterface with the SUPER ELF expansion card contain- 
ing a 1K super monitor, up to 4K of ram, a cassette interface, 


an other features. Additional functions are available on this bus 
which are used to facilitate the use of the expansion board. For 
example, the M button becomes a RUN-WITE-MONITOR button. Som func- 
tions require minor (already provided for) jumper modifications to 

the basic SUPER ELF printed circuit board. IMPORTANT - Always install 
Спе 50 Pin connector on the solder side (back) of the Super Elf Board. 
Detailed instructions are provided in the Expansion Board manual. 


2, CONSTRAINTS 


. When using the 44-pin expansion bus, care must be taken to 
insure that the power and signal interface requirements are met, 


Two unregulated power buses are supplied, One (Νο, 1) 18 
part of the basic SUPER ELF; the other (No. 2) is part of the 
low address display option. Expansion bus current drain on No, 
1 should be limited to less than 300 ma, Current drain on No.2 
Should be limited to less than 200 ma, when both high and low 
address options are installed. In addition, additional filter- 
ing may be required on the expansion сага. This depends upon 
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the amount of current being drawn, 500 MFD to 1000 MFD on the 
Anput to the regulator 18 sufficient for the maximum allowable 
current, If more power is required, or other voltages, an auxi- 
liary power supply is highly recommended, 


The signal out lines can drive at least one Low Power TTL 
or & number of CMOS loads, The address lines are buffered and 
can drive one Standard TTL load, The input lines may be driven 
by TTL logic if pull up resistors are used (22K OHMS to 5V). 
CMOS drivers do not require pull up resistors, 


Expansion bus signals which are also used by the main board 
must be diode isolated ON THE expanded сага, For example:DMAIN. 


Proper bypassing of power leads and avoidance of long expan- 
Sion bus leads is necessary to avoid problems, 


CONNECTOR 
50 Pin 44 Pin 
1 1 
2 2 
3 3 
ц 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 10 
11 - 
12 - 
15 = 
14 11 
15 12 
16 13 
17 1% 
18 15 
19 16 
20 17 
21 18 
22 19 
23 20 
24 21 
25 22 
NOTES: 

ий 


2. 


FUNCTION 


Ground 
*10v Unreg #1 
EF3 (22) 
NO (19) 

N2 (17) 
SC1 (5) 
MRD (7) 
DMAIN (38) 
MWR (35) 
TEB (33) 
ΜῈ 

G * 

CS * 

A15 


А13 


А11 
ΑΟ 
Α7 
A5 
A3 
A1 
D7 (8) 
D5 (10) 
D3 (12) 
р1 (14) 


CONNECTOR 

50 Pin 44 Pin 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
27 
38 
39 
њо 
41 
42 
43 
цц 
45 
46 
47 
48 
T 
50 


rR S m J ti O OQ шь 


δ Ho P» =< G 3 Ὁ ко ae Il 
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FUNCTION 


Ground 

410v Unreg #2 
EF2 (23) 

N1 (18) 

Q (4) 

Sco (6) 
CLOCK (39) 
DMAOUT (37) 
INT (36) 
TPA (34) 
P/NP (U10P1) 
RW (U10P) 
MP * 

A14 

A12 

A10 

АВ 

A6 

АҢ 

А2 

AO 

D6 (9) 

D4 (11) 

D2 (13) 

DO (15) 


1802 pin numbers shown in parenthesis where directly 


connected, 


* Signifies special function for SUPER ELF expansion 


board, 


3. N/C Means no connection, 


FIGURE 12 EXPANSION BUS CONNECTIONS 


V TROUBLESHOOTING 


In case of trouble, recheck all IC's to be sure that they are 
in the correct location, аге in the correct way and there аге no 
bent under pins, The pin usually bends under so it is hidden and 
appears ok until the IC is pulled, Recheck for solder bridges 
using а magnifaáng glass. Recheck polarity of diodes and capacitors 
and be sure the values correspond to the parts layout. Next isolate 
the problem using Section III as a guide. Interchanging IC's when 
possible can isolate a defective IC, Since most CMOS IC's can 
stand a shorted output continously (with a 5 volt supply), it is 
difficult for a defective IC to damage others, An upside down 
inserted IC will be immediately shorted out. Static discharges too 
small to notice will burn out inputs during handling. Difficult 
problems need & logic probe and scope to troublshoot, A voltmeter 
has limited use because readings between iv and 4v may indicate 
either pulses are present or a short, 


1. CPU MODE CONTROL 

These circuits are static and can be checked with a voltmeter, 
Using the schematics, trace the signals thru until the problem is 
isolated to a valid input to an IC and a bad output. The bad 
output could be because the IC is bad or the next IC in line has 
a shorted input, Once the circuit 1s isolated to this point, 
replacing the suspect IC usually will fix the problem, It is 
permissable to CAREFULLY bend out the OUTPUT pin so it does not go 
into the socket and see if the output is now valid, This usually 
(but not always) isolates the problem, 


2, HEXIDECIMAL KEYPAD 

Some of this circuit is static and by checking the output of 
U25 and 015 using different keys to provide logical '1* and "0: 
levels, 

If loading the high digit in location zero in the load mode 
is not reliable, the 4016 may be defective, This тау be verified 


py depressing the reset and load buttons and then measuring the 
woltages on the output of 025. With Р input to the keyboard, all 
sur voltages should be above Зу, 

An end to end check from key pad to display is possible by 
entering the load mode and disabling the RAM, The RAM is disabled 
Љу grounding the right pad for SW2, then the key pad input is disp- 
layed directly. Pressing a key should result in its being displayed, 


3. VIDEO DISPLAY 

It may be necessary to load 61 1n location 00 and 69 in 
location 01 in step Z of the checkout, If the 3 state lights still 
dg not flicker the 1861 18 probably defective, 


ly, DATA/OUTPUT DISPLAY | 

| The end to end check described in 2 above and parts substitution 
18 the best approach here, The 7 segment displays cannot be damaged 
[1 they are inserted upsidedown, The ribbed edge should be up. 


5. ADDRESS DISPLAY 

In the load mode the display should follow the input switch 
closures, If loading is normal but the display reads wrong, try 
part substitution, The high address can be checked as follows, 
Load С0,АА,55 in locations 00,01,02, Press reset, single step and 
then the run button 4 times. The address diaplay should read АА55, 
Any other displayed numbers should provide a clue to the problem, 
Again try parts substitution, 


6. ROM/RAM SELECT 

| Difficulty in loading addresses other than, or in addition 
to, location 00 may be due to defective ROM/RAM select logic. 
verify that both the ram and rom are not both enabled at the same 
tine. This can cause bus conflicts and prevent proper loading 


шин execution. 
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LOAD MODE 
| In addition to related problems discussed ab&ve the load 
ip flop may not be working, Again try parts substitution. 
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POWER AND GROUND CONNECTIONS 
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APPENDIX A PARTS LIST AND ASSEMBLY INSTRUCTIONS 


1. PARTS LIST - BASIC 


TYPE NUMBER QTY DESCRIFTION 

INTEGRATED CIRCUITS 

U1 74.74/74 L874 1 Dual D Flip-Flop 

U2 -78100/711.800 1 Quad 2-Input NAND Gate 

U3 4028 1 BCD-to-Decimal Decoder 

Uh 1071 1 Quad 2-Input OR Gate 

U5 4011 1 Quad 2-Input NAND Gate 

U6 1802 1 COSMAC microprocessor 

U7 4013 1 Dual D Flip-Flop 

U8 4013 1 Dual D Flip-Flop 

09 4001 1 Quad 2-Input NOR Gate 

U10 ` 4013 1 Dual D Flip-Flop 

U11 4071 1 Quad 2-Input OR Gate 

U12 4013 1 Dual D Flip-Flop 

U13 4050 il Hex Non-Inverting Buffer 
U14 4016/ 1 Quad Bilateral Switch 

U15 740175 / 14175 1 Quad D Flip-Flop ii 
016 4013 1 Dual D Flip-Flop 
U19 1861 1 Video Display Controller 
U20 4016/4116 · 1 Quad Bilateral Switch 

v21 1093 | 1 Quad 2-Input NAND Schmidt Trigger 
023 - 4050 1 Hex Non-Inverting Buffer 
U24 4001 1 Quad 2-Input NOR Gate 

U25 74.0923 /8216 1 20-Key Encoder 

U26 4001 1 Quad 2-Input NOR Gate 

027 2101/2101L/5101 1 256 x h MOS RAM 

U28 Loko 1 Hex Inverting Buffer 

U29 LOLO 1 Hex Inverting Buffer 

U30 2101/2101L/5101 1 256 x 4 MOS RAM 

U32 828123 1 32x8 PROM Programmed With Monitor 
U35 4050 1 Hex Non-Inverting Buffer 
U36 KOLO 1 Hex Inverting Buffer 


* 


ТҮГЕ NUMBER QTY DESCRIPTION 

INTEGRATED CIRCUITS 

U38 4023 1 Triple 3-Input NAND Gate 
U41 4049 1 Hex Inverting Buffer 
Ub 9368 1 Hex Decoder Latch Driver 
U43 4011 1 Quad 2-Input NAND Gate 
Uh 7805/340Т-5 1 5V 1A Regulator | 

1755 9368 1 Hex Decoder Latch Driver 
RESISTORS 

R2 200 OHM 1 Watt Carbon Film 

R3 30 OHM 1 + Watt Carbon Film 

R4 100 OHM 1 + Watt Carbon Film 

R5 10K OHM 1 + Watt Carbon Film 

R6 47K OHM 1 + Watt Carbon Film 

R7 κ OHM 1 3 Watt Carbon Film 

R8 47K OHM 1 3 Watt Carbon Film 

R9 10K OHM 1 + Watt Carbon Film 
R10 1K OHM 1 + Watt Carbon Film 
R11 2K OHM 1 + Watt Carbon Film 
R12 47K OHM 1 + Watt Carbon Film 
R13 47K OHM 1 + Watt Carbon Film 
Rih 10K OHM 1 3 Watt Carbon Film 
R15 330 OHM 1 + Watt Carbon Film 
R16 330 OHM 1 23 Watt Carbon Film 
R17 1M OHM 1 3 Watt Carbon Film 
R18 22K OHM 1 3 Watt Carbon Film 
R19 47K OHM 1 4 Watt Carbon Film 
R20 47K OHM 1 3 Watt Carbon Film 
R21 47K OHM 1 3 Watt Carbon Film 
R22 47K OHM 1 + Watt Carbon Film 
R23 47K OHM 1 4 Watt Carbon Film 
R24 47K OHM 1 4 Watt Carbon Film 
R25 47K OHM 1 3 Watt Carbon Film 
R26 47K OHM 1 3 Watt Carbon Film 
R27 47K OHM 1 4 Watt Carbon Film 
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ΤΥΡΕ NUMBER QTY DESCRIPTION 

CAPACITORS 

C1 1000 MFD 16V 1 Electrolytic 

c3 0.1 MFD 10V 1 Monolythic 

ch 220 PFD 100V 1 Disc Ceramic 

C5 0.1 MFD 10V 1 Monolythic 

C6 2.2 MFD 10V 1 Tanta lum 

С? 0,1 MFD 10V 1 Monolythic 

c8 2.2 MFD 10V 1 Tantalum 

C9 0,1 MFD 10V 1 Monolythio 

C10 0,1 MFD 10V 1 Monolythic 

C11 0.1 MFD 10V 1 Monolythio 

C15 10.0 MPD 10V 1 Tantalum /Electrolytic 
C16 10.0 MPD 15V 1 Tantalum/Electrolytic 
017 1.0 MFD 10V 1, Tantalum ` 

C18 1⁄0 MFD 10V 1 Tantalum- 

C19 0.1 MFD 107 1 Monolythic 

σου 0.1 MFD 10V 1 Monolythic 

DIODES 

D2 1N4001 1 Silicon Rectifier 

D3 1N4001 1 Silicon Rectifier 

D6 1N4001 1 Silicon Rectifier 

D7 1N4001 1 Silicon Rectifier 

D10 1N4001 1 Silicon Rectifier 

D12 1N4001 1 Silicon Rectifier 

D1^ 1N4001 1 Silicon Rectifier 

D16 1N4001 1 Silicon Rectifier 

D18 1N914 / 1N4148 1 Switching Diode 

D19 1N5001 1 Silicon Rectifier 

D20 1N4001. | 1 Silicon Rectifier 
MISCELLANEOUS- ELECTRICAL 

Q1 2N2222A 1 Switching Transistor NPN 
Q2 2N2222A 1 Switching Transistor NPN 
X1 3579, 545 1 Crystal 

- LED 9 Jumbo Red 

- FND 500/503/560 2 $" Seven Segment Display 
~ 10V16VA 1 117V Plug-In Transformer 


- Key Switch 2% NO Push Button Switch 


TYPE NUMBER 


ӨТҮ 


1 


ПЕ fat: 
2 ft 


= = = = 


2% 


MISCELLANEOUS-ELECTRICAL 
- Speaker 

- Wire 

- Wire 
MISCELLANEOUS - MECHANICAL 
- Heat Sink 

а 6-32 x 3/8 Screw 
- 6-32 Lock Washer 
- 6-32 Nut 

- Key Tops 

- 40 Pin Socket 

= 24 Pin Socket 

- 24 Pin Socket 

= 22 Pin Socket 

- 20 Pin Socket ΄ 
- 1% Pin Socket 

- 16 Pin Socket 


- Circuit Board 


2. PARTS LIST - OPTIONAL 


TYPE NUMBER 

U33 7805/380Т-5 
037 9368 

050 9368 

σ2 1000 MFD 16V 
C12 10 MFD 10V 
C13 10 MFD 15V 
DY 1Nh001 

D5 1N4001 


D8 1N4001 


DESCRIPTION 


NO, 22 Stranded 
No, 26 Stranded 


Regulator Heat Sink 
For Regulator 
For Regulator 
For Regulator 


One Each 
0, 1, 2, 3, 4, 5, 6, Zo 
8, 9, А, B, C, D, E, Р, 
L, R, G, М, M, 8, Р, I 
Low Profile 
Low Profile 
Standard or W.W, 
Low Profile 
Low Profile 
Low Profile 
Low Profile 
SUPER ELF 


LOW ADDRESS DISPLAY 


8 
H 
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DESCRIPTION 

5V 1A Regulator 

Hex Decoder Latch Driver 
Hex Decoder Latch Driver 
Electrolytic 

Tantalum /Electrolytic 


Tantalum /Electrolytic 
Silicon Rectifier 


. Silicon Rectifier 


Silicon Rectifier 
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3. PARTS LIST - OPTIONAL 


NUMBER 

1N4001 

1N4001 

1N4001 

1N4001 

1N4001 

FND 500/503/560 
16 Pin Socket 
24 Pin Socket 
6-32 x 3/8 Screw 
6-32 Lookwasher 
6-32 Nut 

Heat Sink 


NUMBER 

4042 

lobo 

4050 

9368 

9368 

FND 500/503 /560 
16 Pin Socket 
24 Pin Socket 


- a -.:-: - 


DESCRIPTION 

Silicon Rectifier 
Silicon Rectifier 
Silicon Rectifier 
Silicon Rectifier 
Silicon Rectifier 

$" Seven Segment Display 
Low Profile 

Standard Or W.W, 


HIGH ADDRESS DISPLAY 


5 
-ᾱ 
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DESCRIPTION 

Quad Clocked D Latch 
Quad Clocked D Latch 

Hex Non-Inverting Buffer 
Hex Decoder Latch Driver 
Hex Decoder Latch Driver 
$" Seven Segment Display 
Low. Profile 

Standard Or W.W. 


PARTS LIST - OPTIONAL MEMORY SAVER 


NUMBER 
7805/340T=5 
10,0 MFD 10V 
100 OHM 

1N270 

2 PST Switch 

1 AH Battery 
Wire 
6-32х3/8 Screw 
6-32 Lookwasher 
6-32 Nut 

183001 


5 
Hi 


Б b Fa - {= Му Fe RM هر‎ къ ы 


ft 


DESCRIPTION 


Tantelum/Electrolytic 
3 Watt Carbon Resistor 
Germanium Diode 


NI-CAD Battery 
Νο. 2% Stranded. 


Silicon Rectifier 
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NOTE: INTEL 51011, Rams may be substituted for the 21011, Rams to 
extend hattery life from 20 hrs minimum to ! weeks minimum, 


5. PARTS LIST - OPTIONAL ACCESSORIES 


- Mp Pin PC connector for Expansion Bus 

- 50 Pin Ribbon cable connector for SUPER EXPANSION 
| Воата 

- Video modulator kit 

= 51011 Rams 

-  Qustom hardwood case and front panel 


6. ASSEMBLY INSTRUCTIONS - BASIC 

Prior to starting assembly, please carefully read this manual 
and inspect the printed circuit board to observe the soldering 
skills and kit building experience required, If you have any doubts 
about your ability to assemble this kit or do not have the required 
tools we suggest that you exchange the kit for an assembled SUPER 
ELF. 

You will need the following tools and supplies. 

A, A 25 watt soldering iron with a small dia (.063 in, maxi- 
mum) tip. A higher wattage iron usually has a tip temperature 
too high for safe printed circuit work, A lower wattage iron may 
take too long to heat the joint and result in poor solder joints, 
A larger tip diameter is likely to cause solder bridges, 

B, А radio type rosin core solder of ,032 in, dia maximum 
with an alloy of 60 to 65 percent tin. Do not use 50-50 solder 
as its melting point is much higher. 

С, Small screw driver, 

р, Small wrenches, 

E. Small diagonal cutters, 

F, Needlenose pliers 

С, Magnifying glass (to check for shorts) 

Н, Multimeter (sensitivity at least 20000 OHMS/volt). 

I, Heat sink thermal grease, 

NOTE: Failure to use good soldering techniqes and the proper 
solder can void the warranty. 
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The following tools are not required but will be helpful if 
available, 

A, An IC insertion tool. 

B, А component lead bender. 

C, A nut driver set, 


Check the parts in the kit against the parts list to insure 
that the kit is complete and to familiarize yourself with the 
parts, CAUTION: DO NOT remove the integrated circuits from the 
antistatic (black) foam they were shipped in: until told to do so, 

The printed circuit board 1з double-sided epoxy glass with 
plated through holes, The front of the board has component desig- 
nations on 1t, A11 components are installed from the front and 
all soldering is on the back, 

Carefully inspect both sides of the printed circuit board for 
shorts and defects, The top of the board is more critical since 
the sockets, etc,, cover up the traces, and defects are harder to 
detect and correct, NOTE: Every board is carefully inspected, 
under magnification, prior to shipment and the above suggestion 
18 a double check to minimize any inconvenience to you from unde- 
tected defects, Any defects found are of course covered by our 
warranty. 

Referring to the component identification on the board and 
figure 2 component layout, start assembly using the following 
Steps, NOTE: If you purchased options with your SUPER ELF, they 
can be added now or later. We recommend adding them now by doing 
all corresponding steps at one time, For example, install both the 
basic and optional sockets at the same time, CAUTION: in each of 
the following steps, be sure that you have installed the parts in 
the correct locations prior to soldering. This is particularly 
important if you did not buy all the options since some locations 
will be empty. 

( ) А, Install low profile sockets for ICs U1 through U45 except 
for ICs listed as optional, Note: Install a socket for U18 as 
part of the basic kit. Slightly bend two leads on diagonally 
opposite corners to hold the socket in place while you turn 
the board over, Solder these two pins while the socket is 
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snug against the board, Before soldering the remaining pins, 
check to be sure the socket is seated on the board properly. 
SOLDER all the remaining pins, 

B. Install all the resistors, SOLDER. Trim off excess lead, 
Note: Pre-bending resistors to a lead spacing of 0,4 inch 
with a lead bender will simplify this job, 

C.) Install all the diodes, SOLDER. Trim off excess leads, 
Note: Pre-bending diodes to a lead spacing of 0.4 inch is 
helpful, Note: The cathode (band) end of all diodes should 
be next to the hole with a dot or + sign. All diodes have 
their bands on the right side, Note: this 019 is above U42, 
D. Install the standard 24 pin socket horizontally in the 
right hand set of holes (below IC No. U42 and U45), SOLDER, 
E. Install the capacitors, SOLDER. Note: Observe polarity 
on the electrolytics and tantalums, Note: Some tantalums 
may not be marked with A+, These will have a colored dot on 
one side, With the leads down and the dot facing you, the 
right lead із +, The + leads of 6017/6018 are nearest Ul, 

F, Install the two transistors Q4 and Qo, They should stand 
approximately 1/8 inch off the board, SOLDER, 

G. Install the LEDS, The base of the LED should be 3/16 to 
1/4 inch from the board, The flat (or short lead or dot) 
should be toward the bottom of the board. SOLDER, 

E, Install the crystal, Carefully bend the leads 90 degrees 
во the crystal will lie down on 1ts side on the board, Опе 
side of the crystal has a foam double-backed tape attached, 
Remove the protective paper, insert the leads in the holes, 
&nd gently press the crystal down on the board so the foam 
holds it is place, SOLDER. 

I. Install U44--the regulator, Bend the 3 leads down to fit 
the hole spacing. Put thermal grease on the bottom of the 
regulator and the bottom of the heat sink, Only a SMALL 
amount is required. Using a 6-32 x 3/8 screw,assemble in the 
following order, Тһе screw goes through the regulator, then 
the heat sink, and then the PC board with a lockwasher and nut 
on the back, Tighten the screw carefully. Avoid over-tight- 
ening. The thermal grease is slippery and with a properly 
tightened assembly you can still move the heat sink with a 
little effort,  SOLDER. 
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t ) J. Install the 24 key switches, Tack solder ONE lead of 
each switch and install the key tops, Check switch align- 
ment and adjust prior to final soldering, Be sure switch 
body is flush against the board, | 

( ) K. Connect the plug-in transformer to the board using the 12 
foot long wire. Cut the 12 foot wire in half and twist the 


two, wires together.  SOLDER to the connections labeled 
AC on the board. 


( ) L, Cut the 2 foot wire in half and twist the two wires 
together, Using this wire connect the speaker to the connec- 
tions labeled SPKR on the board, SOLDER. 

( ) M, Omit this step if you purchased the high address option. 
Otherwise, using cut-off resistor leads, make 4 short jumpers 
and plug them into the socket for U18, 

Jumper 1 between pin 2 and pin 4, 

Jumper 2 between pin 7 and pin 10. 

Jumper 3 between pin 11 and pin 13. 

Jumper 4 between pin 1 and pin 1. 
Be sure the jumpers are short &nd do not touch wach other, 
You can also use a 4042 instead of the jumpers, The purpose 
of the jumpers 18 to terminate the inputs to 023. Failure 
to terminate CMOS inputs may result in improper operation of 
other circuits on that IC and even destruction of that IC. 

( ) N. Install the integrated circuits. The 14 and 16 pin ICs 
can be installed using an insertion tool, Most IC leads are 
spread at the tip and must be bent inward to provide the right 
row spacing to fit the socket. Most of the ICs are CMOS types 
and require extra care in handling to prevent static damage. 
Grounding yourself and the board 18 recommended, Also avoid 
wearing nylon or other synthetic clothing during this step. 
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( ) O. Install the seven segment displays in the 24 pin standard 
socket. The grooved side goes up (like the notch on the ICs), 
Install the two displays on the ends of the socket, leaving 
two socket pins empty between the displays, (Pins 6 and 7, 

18 and 19, of the 24 pin socket are not used by the displays, 

( ) P. This completes the basic SUPER ELF. 


7. ASSEMBLY INSTRUCTIONS LOW ADDRESS DISPLAY OPTION 
Refer to corresponding steps in the basic assembly instruc- 

tions for more details. 

A. Install the low profile sockets, SOLDER. 

В, Install the diodes, SOLDER. 

C. Install the capacitors, SOLDER. 

D. Install the regulater and heat sink, SOLDER, 

E. Install the standard 24 pin socket in the space provided 

below U37 and 080, SOLDER. 

( ) Е, Install the ICs. 

( ) 6. Install the seven segment displays spaced apart like the 
data displays. 

( ) Н, This completes the low address display option. 


8. ASSEMBLY INSTRUCTIONS HIGH ADDRESS DISPLAY OPTION 
Refer to corresponding steps in the basic assembiy 

instructions for more details, 

( ) A. Install the low profile IC sockets, SOLDER. 

B, Install the standard 24 pin socket in the space provided 

below 031 and U3h, SOLDER. 

C. Install the ICs, 

( ) D. Install the seven segment displays spaced apart like the 
data displays. 

( ) E. This completes the high address display option. 


M, 
Зэ” 


— 
“ορ 


9. ASSEMBLY INSTRUCTIONS MEMORY SAVER OPTION 
Refer to corresponding steps in the basic assembly 
instructions for more details. 
( ) A, Install the regulator, NOTE: No heat sink is necessary. 
SOLDER. 
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B. Install the capacitor. SOLDER. 

C, Install the resistor,  SOLDER. 

D. Install the diode, SOLDER. NOTE: this 919 18 near R1, 
E. Connect the two batteries 1n series with а short length 
of wire. 


F. Cut two 10 to 12 inch lengths of wire and connect the 
battery to the PC board BAT connections, OBSERVE POLARITY. 
SOLDER. 

G, Cut the remaining wire into 4 equal lengths. Using two 
wires, connect one pole of the two pole slide switch to the 
PC board SW1 connections, SOLDER. Using the other two 
wires, connect the other poke of the two pole switch to the 
PC board SW2 connections, SOLDER. NOTE: If the switch 
supplied has more than 4 terminals, be sure that you wire 
up the switch as a two pole single throw switch, 

H, On the front of the PC board cut jumper 71 (near the 
right top side of 045, 

K, This completes the memory saver option. 


INITIAL CHECKOUT 
he í lowing st 


If you fail to 


obtain the proper response, refer to the sections on troubleshoot- 


ing and logic design. Or, if you wish, return your SUPER ELF 
and we will replace any defective parts without charge. Charges 
will be made for any parts damaged through improper assembly, etc. 


A. Plug the transformer in and verify: 
(1) The displays are 115, 
(2) Only one mode LED is lit, 
(3) Only one state LED is lit, 

В, Push the RESET button and verify: 
(1) The R LED is lit, 
(2) The 1 LED is lit, 

С, Push the LOAD button and verify: 
(11 The L LED 1s lit, 
(2) The 1 LED is lit, 
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D. Push the RESET button and verify: 

(1) The R LED is lit, 

(2) The 1 LED is 115, 
E, Push the RUN button and verify: 

(1) The G LED 18 lit, ` 

(2) The 1 LED is 11+, 

(3) The 0 LED may be 11% depending upon the contents of 
memory. 
F. Push the WAIT button and verify: 

(1) The W LED is lit. 

(2) Either (but not both) the 0 LED or the 1 LED is lit, 
G, Push the RUN button and verify: 

(1) The G LED із lit. 

(2) The 1 LED is lit, 

(3) The 0 LED may be 11+, 
Н, Push the RESET button and then the LOAD button and verify: 

(1) The L LED is 11+, 

(2) The 1 LED is lit, 
I. Push the 0 and then the i button on the HEX keypad, Push 
the INPUT button and verify: 

(1) The data displays show 01, 

(2) The address displays show 0000, 
J. Push the 2 button on the HEX keypad and then push the 
INPUT switch and verify: 

(1) The data displays show 12. 

(2) The address displays show 0001. 
Κ. Repeat Step J above (push 3 and INPUT, then 4 and INPUT, 
etc.) using the other HEX keys verifying corresponding outputs, 
If you make no mistakes, location OOOE will contain EF, 
L. Push RESET, LOAD, MEMORY PROTECT, and INPUT in that order 
and verify: 

(1) The data displays show 01. 

(2) The address displays show 0000, 
М, Push the INPUT switch and you can step through MEMORY 
reading out what you loaded in steps I, J, and K, 
Ν. Repeat Step L and then push the WAIT button, the F button 
twice on the HEX keypad and the INPUT button and verify: 

Location 0001 contains ΕΕ. 
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O. Push the MEMORY PROTECT button and the INPUT button апа 
verify: 

Location 0002 contains 23, 

P. Push RESET, MONITOR SELECT, LOAD, AND INPUT buttons in 
that order and verify: 

Location 0000 contains F8 14 | 
Q. Continue pushing the INPUT button to read out the contents 
of the Monitor, 

B. Push RESET, MONITOR SELECT, and SINGLE STEP buttons in 
that order, Push the 5 Button and then the 0 button, Then 
push the RUN button but do not hold it in and verify: 

(1) The W LED is lit. 

(2) The О LED 18 lit, 

(3) Location 0000 contains F8, 

S. Push the RUN button but do not hold it in and verify: 

(1) The М LED is lit. 

(2) The 1 LED is 110. 

(3) The address/data display shows 0001 FF, 

T. Push the RUN button again and verify: 

(1) The W LED is lit. 

(2) The 0 LED 1s 11%. 

(3) The eddress/data display shows 0002А1 
U. Push the RUN button again and verify: 

(1) The W LED is 11+. 

(2) The 1 LED is lit. 

(3) The address/data display shows XXXXFF the first time 
after power is applied or XXFFFF after the first time (where 
XX can be any value and is dependent upon the high register 
value which is not set by the MONITOR. 

V, Push and hold the RUN button down and verify: 

(1) After approximately one second, the CPU will cycle 
through machine cycles at a rate of 1 to 2 per second, 

(2) Shortly the displays will start repeating a sequence 
of XX0721, XX0000, ХХО86С, XXFF50, XX0964, XXFF50, XXOA3F, 
XX0BO7, XX0721. This is the point in the MONITOR where the 
MONITOR is waiting for an INPUT switch closure, At this point 
release the RUN button, 
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W, Push the WAIT button and then push the RUN button and veri- 
fy: 

(1) The display shows ХХ8850, 

(2) The G LED 1s lit, 

(3) The О and 1 LEDS are both 11+, 
X, Push the O and 2 buttons апа verify: the display shows 
XX8802, Then push the INPUT button and verify that the Q 
light comes on. No other change should be observed, 
Y. Load the following program starting in Location 50-7A, 3F, 
50, 78, 30, 51. After loading, push RESET, 50, M, G, OO, I to 
execute the program at LOC 50, 


Verify: 
(1) The © light is on while the INPUT switch is depressed, 


(2) Pushing the INPUT switch causes a clicking sound in 
the speaker, 
Z. Load a 69 into Location zero and press RESET and RUN and 
verify: 

(1) The address displays flicker and appear to display 
8888, 

(2) The data display displays 69, 

(3) The G LED is lit, 

(4) The 0, 1, and 2 LEDS are 11%, 

(5) If you are connected to a MONITOR, you will see a 
row of vertical bars, 
AA, If you have the Memory Saver option installed, reload 
the program from Step Y above, Set the slide switch to ON 
(contacts closed), Note that you should be in the RESET mode. 
Remove power from the board and then turn it back on, Hit 
RESET and set the slide switch to the OFF (contacts open) 
position. Pushing RUN should provide the same results as 
it did in Step Υ. NOTE: Before performing this check, charge 
the batteries by leaving power on for several hours ( 24=36 
hours are required for a full charge ). 


This completes the initial checkout of your SUPER ELF. 
Additional operational information is contained in 
Section ΤΙ. 


NOTE: If you have low line voltage (117 vac), it may be 
necessary to short out one or two of the series diodes 

D14, D16. Low line voltage can cause a weaving of the bars 

in step Z above, Short out the diodes one at a time to stop 
the weaving. If the weaving does not stop with two diodes 
shorted, the cause is not low line voltage. Hum in your MONI- 
TOR is the most common cause of weaving. 

The speaker is also a good way to test for low line 
voltage, Turn the Q light on and listen to the speaker, If 
you hear hum, you need to short out (jumper) one or two 
diodes, 

Normally only one diode need be shorted if no address 
displays are installed. 

Display brightness is controlled by shorting out 019 or 
D20 or both, Remember the brighter the displays the hotter 
everything gets (diodes, regulators, display drivers and 
displays), 

The following table is a suggested guide for diode 
shorting straps, 

D14 D15 D16 D17 D19 D20 


BASIC SUPER ELF === === short === === Short 
BASIC + LOW ADDRESS son ome short short --- short 
BASIC + HIGH + LOW ADDRESS short short short short --- short 


APPENDIX В DATA SHEETS 


IREI 


Solid State 
Division 


40-Lead Dual-fh- 
Line Ceramic 
Package (D) 


CDP1802D 
CDP1802CD 


Preliminary Data 


COSMAC Microprocessor 


Features: 


m Instruction fetch-execute time of 2.5 or 3.75 us 

= 10 V; 5.0 or 7.5 us at VDD 

8 Static silicon-gate CMOS circuitry — no minimum 
clock frequency 

m Full military temperature range (—55 to +125°C) 

m High noise immunity, wide operating-voltage range 

m Single voltage supply 

m Single-phase clock; optional on-chip ® TTL compatible 
crystal-controlled oscillator 

m Simple control of reset, run, and pause 

в 8-bit parallel organization with bidirectional data bus 

m Any combination of standard RAM and ROM 

m Memory addressing up to 65,536 bytes 


at Vpp 


VA 


Microprocessor Products 


CDP1802D 
CDP1802CD 


25V 


m Low power 


m On-chip ОМА 


8 Flexible programmed 1/О mode 


The CDP1802 includes all of the circuits re- 
quired for fetching, interpreting, and exe- 
i which have been stored 
in standard types of memories. Extensive 
features are also 
provided to facilitate system design. 


The COSMAC architecture is designed with 


so that systems 
having maximum flexibility and minimum 
cost can be realized. The COSMAC CPU 
also provides 


devices, and minimizes the cost of interface 


8 Program interrupt mode 

m Four 1/О flag inputs directly tested by 
branch instructions 

m Programmable output port 

в 91 easy-to-use instructions 

8 16 x 16 matrix of registers for use as 
multiple program counters, data 
pointers, or data registers 


controllers. Further, the 1/О interface is 


capable of supporting devices operating in 
polled, interrupt-driven, or direct memory- 
access modes. 


as a recommended operating 
voltage range of 4-12 volts, and the CDP 
1802CD, a recommended operating voltage 
range of 4-6 volts. These types are supplied 
in 40-lead dual-in-line ceramic packages 
(D suffix). 


TJ 


File Number 1 023 


ADDR BUS 


6 BIT BIDIRECTIONAL DATA BUS 


CLEAR WAIT 


ADDR BUS 


N 
NNN 
АЕ. 


92см- 27439 


Fig. 1 — Typical CDP1802 microprocessor system. 


The Preliminary Data are intended for 


guidance purposes in evaluating the de- 


vice for equipment design. The device 
is now being designed for inclusion in 
our standard line of commercially avail- 
able products. For current information 
On the status of this program, please 
contact your RCA Sales Office. 


Information furnished by RCA is believed 
to be accurate and reliable. However, no 
responsibility is assumed by RCA for its 
use; nor for any infringements of patents 
or other rights of third parties which тау 
result from its use. No license is granted 
by implication or otherwise under апу 
patent or patent rights of RCA. 


Магса(5) Registrada(s) 


405582040042! ЭУИ 502 | G22081dG2 02081402 


Printed in USA/8-77 


Trademark (s) Registered ® 


Supersedes preliminary 
data issued 2/76 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Voc. Νρο) 
(All voltage values referenced to Vss terminal) 


С@Р1Ї#02р 405 aot, as ο ο ο ο. ο ο VI 
CDPIS02CD. оа ων τα ο ο sss So AN 
INPUT VOLTAGE RANGE, ALL' INPUTS ,- КЕ a ОМ 0 *0.5 V 
OC INPUT CURRENT, ANY ONE TNPUIR η. E MEE +10 mA 


POWER DISSIPATION PER PACKAGE (Pp): 


For Тд = —55 to +100 C коф ОА А оо ου 

For TA = +100 OIC. ЕО Е регате тва ат ТоС ТООСУ 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Тд = FULL PACKAGE-TEMPERATURE RANGE. . . . . . + . + + + 100mW 
OPERATING-TEMPERATURE RANGE (TA) . . . . . D + + + s. + + —55t0 +125 С 
STORAGE TEMPERATURE RANGE (Tug . . ................ «8681931609 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 £ 1/32 inch (1.59 + 0.79 mm) from case for 108 тах... . . . . . +265 C 


CHARACTER- 


Quiescent Device 
Current,! |, Max. 
CDP1802D 
CDP1802CD 


Output Low Drive 
(Sink) Current, 
loL Min. 
(Except XTAL)| 
XTAL Output 


το 5 


Output High Drive 
(Source Current) 
ΙΟΗ Min. 
(Except XTAL) 


XTAL Output 


| 
e 
w 


| еса 

T ° i 

he о 
I + 
(25) - 
: ὃ 


Output Voltage 
Low-Level 


Output Voltage 
High Level, 
ΝΟΗ Min. 


Input Low 
Voltage 
Vit Max. 


Input High 
Voltage 
VI L Min. 


Input Leakage 
Current 


3-State Output 
Leakage Current 
IOUT Max. 


RECOMMENDED OPERATING CONDITIONS at TA = 25°С Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CONDITIONS LIMITS AT 25°С 
Усс! | Урр СОР 
18020 Р 
(V) (V) CDP1802CD UNITS 
Vss to Vcc | Vss to Vcc Ж a 


V 
V 
KBytes/sec 
по ма Ире 


DC - 3.2 ος — 3.2 


CHARACTERISTIC 


Supply-Voltage Range 


Input Voltage Range 


Maximum Clock Input Rise or 
Fall Time, t, or tg 


A 
| 
- 
N 


Instruction Time? 
(See Fig. 8) 


ы 
сл 


Maximum ОМА Transfer Rate 


Maximum Clock Input Frequency, 
fci? 


NOTES: ; 

1: Veg SVpp; for CDP1802CD, Vpp = Vcc = 5 volts. 

2. Equals 2 machine cycles — one Fetch and one Execute operation for all instructions except Long Branch and 
Long Skip, which require 3 machine cycles — one Fetch and two Execute operations. 


3. Load Capacitance (C, ) = 50 pF. 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
-15 -Ю -5 L : 
ап ЁС GATE- TO- SOURCE VOLTAGE (VGs)=!5 V 


< 
[3 
t 1 ΤΤΓΤΙΤΤΟΤΤ ΤΠ 
| 3 ЕЕ 
AL 96 
$ M 
E š 
Е α БЕЗЕ === 
5 2415-5-65 HHHH шавна 
Ξ55ΞΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒΒ 5 qr AMBIENT TEMPERATURE (TA) 25°C 
11 
AMBIENT TEMPERATURE (Ta)=25°C үт š 
ыр 
mu a 9 
х 5 HHHH 
g -— ITTITTITITITITTITITITTI 
2 FTT MAXIMUM OUTPUT TRANSISTOR 
5 2 LF DISSIPATION = 100 mW 
5 $ ΠΗ͂ 
H-MAXIMUM OUTPUT TRANSISTOR HH] © 18 ЕН 
H- DISSIPATION = 100 mW ο 5 Ὁ 15 
DRAIN-TO-SOURCE VOLTAGE (Vps)— V 
NOTE:ALL OUTPUTS EXCEPT XTAL 
Ч 5 9265-29594 NOTE: ALL OUTPUTS | 9zcs-29555 
Fig. 2 — Typical output high (source) current “05:41 AL : 
ЕРА Fig. 3 — Typical output low (sink) current 
characteristics. 


5 
i 
3 
х 
a 
8 
Ξ 
Е 
x 
2 
8 
5 
| 


O 2 50 T5 ЮО 5 EO 175 200 X1 БО ρε ΔΙΟΑΌ CAPACITANCE (ACL)— PF NOTE: ANY OUTPUT 

: LOAD CAPACITANCE (C, )— pF 92C5- 29596 EXCEPT XTAL 
Fig. 4 — Typical transistion time vs. load Fig. 5 — Typical change in propagation delay as а 
capacitance. ` A function of a change in load capacitance. 
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їНИ— (7124) хэнзпо3н3 32019 ΜΩΜΙΧΥΝ W31SAS 


Û — MHz 


CLOCK INPUT FREQUENCY (fc 


29549 


9205- 


NOTES: 


0000) 
* 3707 AT M (8107) 


s 30 pF 


ει 
Fig. 7 


Typical power dissipation as a function of 


*QO"AT M( 


IDLE* 
BRANCH = 


92C$-29597 


— Typical maximum clock frequency as a 
function of temperature. 


Fig. 6 


clock frequency for BRANCH instruction 
and IDLE instruction for CDP1802D. 
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INSTRUCTION TIME — 


133 
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ΜΗΣ 


CLOCK INPUT FREQUENCY (с) - 
— Required memory system address time as a function of instruction time. 


92CL-29643 


Fig. 8 


Усс 


Vpp 


M 


Yoo “сс 


INPUTS 


ох 


OUTPUTS 


INPUTS 


9208-29606 
T WITH ALL OTHER 


Vss 


Ney 


NOISE VOLTAGE LEVELS. 


NOTE: 


92C$-29807 


Vss 
Fig. 10 — Quiescent-device leakage current test circuit. 


INPUTS AT 
Fig. 9 — Noise immunity test circuit. 


TEST ANY ONE | 


Yoo Усс 


INPUTS Yoo 


Уро NOTE: a)" 
ο (σ)--- MEASURE INPUTS o 
o SEQUENTIALLY 3-STATE vss 


Vss TO BOTH Vpp AND Vss OUTPUTS 
CONNECT ALL UNUSED DISABLED мате еа 
б, LEN FORCE DEVICE SEQUENTIALLY. 
DD SS' INTO ОМА OUT CONNECT ALL UNUSED 
vss STATE INPUTS TO Vpp OR Vss. 
92CS- 29608 92:5 - 29509 
Fig. 11 — Input leakage current test circuit. Fig. 12 — Three-state output leakage (data bus) 


test circuit. 


НО е uisi - 


| 
I | 
MEMORY HIGH ORDER — !PLH:fPI LOW ORDER | | TA” 
ADDRESS ADDRESS BYTE ADDRESS BYTE 
4 | 
: | | | lawa la 


εἷ----, t 
MRD PLH 


(MEMORY 
READ CYCLE) 


NWA 
Y 
TE CYCLE) 


DATA FROM 
CPU TO BUS 


STATE 
CODES 


e PLH: PHL . 


ΝΟ, NI,N2 

(I/0 PLH 

EXECUTION | | | 
CYCLE) | 


DATA 
LATCHED IN CPU 


DATA FROM 
BUS TO CPU 


ОМА | SAMPLED (51,52,53) 


| | INTERRUPT  V'SU, їн 1) 


SAMPLED (51, 52) | 


INTERRUPT | | 
REQUEST FLAG LINES 


SAMPLED (IN SI) 


DMA 
REQUEST 


EF 1-4 
ANY NEGATIVE 
TRANSITI 
WAIT 
CLEAR 


NOTES: 


1, THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE 


2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE 
WAVEFORMS 

3. SHADED AREAS INDICATE "DON'T CARE" OR UNDEFINED STATE ; 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD 


920|-29599 


Fig. 13 — Timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Тд = 25°C, CL = 50 pF 


CHARACTERISTIC 
(V) |(V) 


Propagation Delay Time, tp, η, tpHL: 
Clock to TPA, TPB 


Clock-to-Memory High-Address Byte 


Clock-to-Memory Low-Address Byte 


Clock to MRD, tPLH 


Clock to MRD, tPHL 


Clock to MWR, tp, н, tPHL 


Clock to CPU DATA to BUS 


Clock to State Code 


Clock to Q 


Clock to N(0-2), tPLH 


High-Order Memory-Address Byte 
Set Up, tsu ` 
(See Note) 


High-Order Memory-Address Byte Hold 
tH 


Low-Order Memory-Address Hold 


LIMITS 
Vcc VDD UNITS 
| Min.|Typ. 

300 | 450 

250 | 400 

150 | 250 

800 |1200 

600 | 900 

400 | 600 

300 | 550 

250 | 500 

150 | 350 

300 | 450 

250 | 400 

150 | 300 

300 | 450 

250 | 400 

150 | 300 

300 | 450 

200 | 300 

| 150 | 250 
350 | 600 

300 | 500 

200 | 400 

! 400 | 600 

200 | 400 

150 | 300 

5 
5 
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` DYNAMIC ELECTRICAL CHARACTERISTICS (cont'd) 


CLOCK Pulse Width, tw. 


Typical Total Power Dissipation 


LIM 
CHARACTERISTIC Vcc|Vpp 22 UNITS 
(V) NV) |Min. |Тур, Мах, | 
Set-Up and Hold Times, ts, ty 
Data Set Up 
300 |150 
Data Hold 200 |100 
150 | 75 
Pa 100 | ο 
ОМА Set Up 125 | 25 
150 | 50 
250 |150 
DMA Hold 200 |100 
150 | 75 
100 | ο 
Interrupt Set Up 125 1729 
150 | 50 τ 
5 250 |150 
Interrupt Hold 5 200 |100 
10 150 | 75 
М. еы 100 | ο 
WAIT Set Up 125 | 25 ns 
150 | 50 
5| 100 | ο 
EF 1-4 Set Up 10 | 125 | 25 
10| 150 | 50 
250 |150 
200 |100 
150 | 75 
Pulse Width, twi. ш ses 
MEE IUE ў п 
CLEAR Pulse Width 300 |150 


Idle “00” at M(0000), Сү = 50 pF 


Effective Input Capacitance, Сүр 
Any Input 

Effective 3-State Terminal Capacitance 
DATA BUS 


E πω C = 
ο ο σι Οο gi 


© = 3 


> 
сл 


= = 
On о 
on © 


NOTE: Negative set-up indicates the addresses can change after the falling edge of TPA, as shown below: 


"Ίου 
—— ty 


A sinat m SD 


92CS-29644 
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ARCHITECTURE 
The COSMAC block diagram is shown in 


. Individual registers 
in the array (R) are designated (selected) by a 


4-bit binary code from one of the 4-bit. 
any register i of the 


following three paths: 
1. the external memory (multiplexed, 
higher-order byte first, on to 8 memory 
address lines); 


2. the D register (either of the two bytes 


can be gated to D); 
3! νο κος πω 


it is inéreased or decreased by one and 
stored back in the selected 16-bit 
register. 
The three paths, depending on the nature of 
the instruction, may operate independently 
or in various combinations in the same 
machine cycle. 


With two exce 


cycles. 
and the 


selected register R(P) contains the address of 
the memory location from which the instruc- 


CONTROL 
MEMORY ADDRESS LINES 
D: WAIT 
ΜΑΙ MA3 MAS MAT CLEAR 
МАО | ΜΑΣ | MA4 | MAG © (2) (8 
© é9 €» @ Θ @ 6) @ 
Lig 


(8) 


(16) 


| RIO). 1 [ΒΙΟ] Οἱ 
REGISTER 

MEE, [RDI [RO οἱ "ARRAY 

үнсн/ | [RaRa А 


2 IRECTIONAL 
: ATA BUS 


. 14. The principal feature of this system is . 


6 
OTL ILI OPTI уор 
5 


tion is to be fetched. When the instruction is 
read out from the memory, i 

e loaded into 
the | register and its into 
the N register. The content of the program 
counter is automatically incremented by one 
so that R(P) is now “pointing” to the next 
byte in the memory. 


operand (or data) in certain ALU or 1/0 
operations. 


The N designator can perform the following 
five functions depending on the type of 


instruction fetched: 


esignate in R 
be acted upon during register opera- 


4 tions; 
Б} гити. command 
ode or device-selection code for peri- 
pherals; 


types of tests to be performed during 
the Branch instructions, or the specific 
operation required in a class of mis- 
cellaneous instructions (70-73 and 78- 


3 to designate a new register 75 Р used 


as the program counter R(P); 
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Fig. 14 — CDP1802 block diagram. 


δε τό pen a new register to be used 


as data pointer R(X). 
The registers in R can be 


grammer i 


by a pro- 
as program 


, as nee ferent way or as scratchpad 
per dore Ia hold two bytes 


of data. 


-Program Counters 
Any register can be the main program 
counter; the address of the selected register 
is held in the P designator. Other registers in 

R can be used as subroutine program counters. 


"call" то a 
en interrupts are being ser- 
viced, register R(1) is used as the program 
counter for the user's interrupt servicing rou- 
tine. , and during a DMA oper- 
ation, 
At all other times the register designated as 
program counter is at the discretion of the 


user. 


memory. 
The register designated by (i.e., R(X)) 
points to memory for the following instruc- 
tions (see Table 1): 


1. ALU operations 7; 
2. output instruction ; 
3. input instruction : 
ا‎ 


The register designated by N (i.e., R(N)) 
points to memory for the “load D from 
memory instructions ON and 4N and the 
“Store D'' instruction SN. The register 
designated by P (i.e., the program counter) is 
used as the data pointer for ALU instructions 
F8-FD, FF, 7C, 7D, 7F. During these instruc- 
tion executions, the operation is referred to 
as “data immediate". 


Another important use of R as a data pointer 


(DMA) function. When a DMA-In or — 


Out request is received, one machine cycle is 
“stolen”. This operation occurs at the end of 
the execute machine cycle in the current 
instruction. Register В(0) is always used as 
the data pointer during the DMA operation. 
The data is read from (DMA-Out) or written 
into (DMA-In) the memory location pointed 
to by the В(0) register. At the end of the trans- 


may be used as data 
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fer, В(0) is incremented by one so that the 
processor is ready to act upon the next DMA 
byte transfer request. This feature in the 
COSMAC architecture saves a substantial 
amount of logic when fast exchanges of 
blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh 
cycles. 


ing the DMA-In 
channel, is provided to enable users to load 
programs into the memory. This facility pro- 
vides a simple, one-step means for initially 
entering programs into the microprocessor 
system and eliminates the requirement for 
specialized "bootstrap'" ВОМ”. 


four instructions are provided m 


allow D to receive from or write into either 
the higher-order- or lower-order-byte portions 
of the register designated by М. By this 
mechanism (together with loading by data 
immediate) program pointer and data pointer 
designations are initialized. Also, this tech- 
nique allows scratchpad registers in R to be 
used to hold general data. By employing 
increment or decrement instructions, such 
registers may be used as loop counters. 


The Q Flip Flop 


instruction and can be sensed by "cnr 


branch instructions. The output of Q is also 
available as a microprocessor output. 


Interrupt Servicing 


. When an interrupt request comes in 
an e interrupt is allowed by the program 
(again, nothing takes place until the comple- 
tion of the current instruction) the contents ` 


, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 
in P. Interrupt enable is automatically de- 
activated to inhibit further interruptions. The 
user's interrupt routine is now in control; the 
contents of T may be saved by means of a 
single instruction (78) in the memory location 
pointed to by R (X). At the conclusion of the 
interrupt, the user's routine may restore the 
pre-interrupted value of X and P with a single 
instruction (70 or 71). The interrupt-enable 
flip-flop can be activated to permit further 
interrupts or can be disabled to prevent them. 


COSMAC "P na eu eem 


D | BBits 


DE TBit'| Data Базаи (ALU Ca 


| R | 16 Bits Насан 


wee mad 
pus 


σπα τα ος 

ers | 8 Bits | Holds old X, P after Interrupt 
(X is high byte) 

ПЕ | 1 | Interrupt Enable 
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INSTRUCTION SET 
The COSMAC instruction summary is given R(W).0: Lower-order byte of R(W) 
in Table I. Hexadecimal notation is used to R(W).1: Higher-order byte of R(W) 
refer to the 4-bit binary codes. NO - Least significant Bit of N Register 
In all registers bits are numbered from the Operation Notation 
least significant bit (LSB) to the most signi- ΜΙΗ͂(Ν)) >D; R(N) + 1 
ficant bit (MSB) starting with O. This notation means: The memory byte 


RI): 3 Ἷ W, wh pointed to by R(N) is loaded into D, and 
ч) μα ος pip: урсан R(N) is incremented by 1. 


TABLE I — INSTRUCTION SUMMARY 
(For Notes, see page 13) 


INSTRUCTION там. OPERATION 
MEMORY REFERENCE 
LOAD VIAN M(R(N))>D; FOR N NOT 0 
LOAD ADVANCE M(R(N))*D; R(N) +1 


| LOAD VIA X M(R(X))>D 
| LOAD VIA X AND ADVANCE | M(R(X))*D; R(X) +1 


STORE VIAN ` [ D»M(R(N)) 
| STORE VIA X AND | D>M(R(X)); R(X) —1 
DECREMENT 


C OPERATIONS 


OR 
OR IMMEDIATE M(R(P)) OR DD; R(P) +1 
EXCLUSIVE OR M(R(X)) XOR DD 


EXCLUSIVE OR IMMEDIATE 
AND 
AND IMMEDIATE 


M(R(P)) XOR DD; R(P) +1 
M(R(X)) AND D*D 

M(R(P)) AND ÈD; R(P) +1 
SHIFT D RIGHT, LSB(D)>DF, 


SHIFT RIGHT 
O*MSB(D) 


SHIFT RIGHT WITH SHIFT D RIGHT, LSB(DPDF, 
CARRY DF>MSB(D) 

RING SHIFT RIGHT 

SHIFT LEFT SHIFT D LEFT, MSB(D)>DF, 

O*LSB(D) 

SHIFT LEFT WITH SHIFT D LEFT, MSB(D)>DF, 
CARRY DF*LSB(D) 

RING SHIFT LEFT 


NOTE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE 
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED. 
ΦΦΝΟΤΕ: THE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS 
ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE DF. 
AFTER AN ADD INSTRUCTION: 
DF = 1 DENOTES A CARRY HAS OCCURRED 
DF * 0 DENOTES A CARRY HAS NOT OCCURRED 
AFTER A SUBTRACT INSTRUCTION: 
DF = 1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER 
DF = 0 DENOTES A BORROW. D IS TWO'S COMPLEMENT 
THE SYNTAX "—(NOT DF)” DENOTES THE SUBTRACTION OF THE BORROW 
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TABLE І — INSTRUCTION SUMMARY (CONT'D) 


ж 


ARITHMETIC ОРЕВАТ!ОМ509 
ADD: 
ADD IMMEDIATE 
ADD WITH CARRY 
ADD WITH CARRY, 

IMMEDIATE | 
SUBTRACT D 
SUBTRACT D IMMEDIATE 
SUBTRACT D WITH 
BORROW 
SUBTRACT D WITH 
BORROW, IMMEDIATE 
SUBTRACT MEMORY 


M(R(X)) *D*DF, D 
M(R(P)) *D*DF, D; RIP) +1 
M(R(X)) +D +DF+DF, D 
M(R(P)) +D +DF>DF, D 

R(P) +1 

M(R(X))—D*DF, D 
M(R(P))—D>DF, D; R(P) +1 
M(R(X))—D—(NOT DF)*DF, D 


M(R(P))-D-(NOT DF)»DF, D; 
R(P) +1 
D—M(R(X))>DF, D 


R(P) +1 
D—M(R(X))-(NOT DF}»DF, D 


SUBTRACT MEMORY WITH 
BORROW 

SUBTRACT MEMORY WITH 

BORROW, IMMEDIATE 


BRANCH INSTRUCTIONS-SHORT BRANCH 


NBR 389 


D—M(R(P))—(NOT DF)»DF, D 
R(P) +1 


NO SHORT BRANCH 
(SEE SKP) 
SHORT BRANCH IF D-0 


RIP) +1 


ΒΖ. 32 ΙΕ D=0, М(В(Р))/-В(Р).0 


ELSE R(P) +1 
D NOT 0, M(R(P))*R(P).0 
DNOTO ELSE R(P) +1 
SHORT BRANCH IF DF=1 339 IF DF=1, M(R(P))*R(P).O 


SHORT BRANCH IF POS 
OR ZERO 

SHORT BRANCH IF EQUAL 
OR GREATER 

SHORT BRANCH IF DF=0 

SHORT BRANCH IF MINUS 

SHORT BRANCH IF LESS 

SHORT BRANCH IF O-1 


ELSE R(P) +1 


389 | IF DF-0, M(R(P))+R(P).0 


ELSE R(P) +1 


ΙΕ Q=1, M(R(P))>R(P).0 
E 


SHORT BRANCH IF ЕР1=1 


IF EF1=1, M(R(P))*R(P).0 


(1=Vss) ELSE R(P) +1 
SHORT BRANCH IF EF1=0 ΙΕ ЕЕ1-0, M(R(P))*R(P).0 
ELSE R(P) +1 


IF EF2-1 IF EF2=1, M(R(P))PR(P).O 
ELSE Β(Ρ) *1 


IF EF2-0, M(R(P))>R(P).0 


SHORT E NT IF EF2-0 


(0 = Vcc ELSE В(Р) +1 
SHORT BRANCH IF EF3=1 IF EF3=1, M(R(P))>R(P).0 
1=Vs ELSE R(P) +1 


SHORT BRANCH IF EF3=0 IF ΕΕΞΞΟ, M(R(P))*R(P).0 


(07 Vcc) ELSE В(Р) +1 

SHORT BRANCH IF EF4=1 IF EF4=1, M(R(P))+R(P).0 
(1=Vss) ELSE R(P) +1 

SHORT BRANCH IF EF4=0 IF ЕЕ4-0, M(R(P))>R(P).0 


(07 Vcc) ELSE R(P) +1 
ΦΝΟΤΕ: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE 
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED. 
ΦΦΝΟΤΕ: THE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS 
ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE DF. 
AFTER AN ADD INSTRUCTION: 
DF - 1 DENOTES A CARRY HAS OCCURRED 
. DF = 0 DENOTES A CARRY HAS NOT OCCURRED 
AFTER A SUBTRACT INSTRUCTION: 
DF - 1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER 
DF = 0 DENOTES A BORROW. D IS TWO'S COMPLEMENT 
THE SYNTAX “-(МОТ DF)" DENOTES THE SUBTRACTION OF THE BORROW 
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TABLE | — INSTRUCTION SUMMARY (CONT'D) 


OP 
INSTRUCTION MNEMONIC | CODE OPERATION 


BRANCH INSTRUCTIONS-LONG BRANCH 


LONG BRANCH M(R(P))* R(P).1 
M(R(P) *1)* R(P).0 
R(P) +2 


NO LONG BRANCH 
(SEE LSKP) 
LONG BRANCH IF D=0 


IF 0-0, M(R(P))>R(P).1 . 
M(R(P) *1)*R(P).0 
ELSE R(P) +2 
IF D NOT 0, M(R(P))>R(P).1 
М(В(Р) +1)>R(P).0 
ELSE R(P) +2 
IF DF=1, M(R(P))>R(P).1 
M(RIP) +1)>R(P).0 
ELSE RIP) +2 
IF DF-0, М(В(Р)РВ(Р)Л 
М(В(Р) *1)*R(P).0 
ELSE R(P) +2 
IF Q=1, M(R(P))*R(P).1 
М(В(Р) +1)>R(P).0 
ELSE R(P) +2 
IF Q-0, MIR(P))*RIP).1 
M(R(P) +1)>R(P).0 
ELSE R(P) +2 


SKIP INSTRUCTIONS — | 


SHORT SKIP R(P) +1 
(SEE NBR) 
LONG SKIP 
(SEE NLBR) 
| LONG SKIP ΙΕ D=0 


LONG BRANCH IF О МОТО 


LONG BRANCH IF DF=1 


LONG BRANCH IF DF=0 


LONG BRANCH IF Q=1 


LONG BRANCH IF Q=0 


R(P) +2 


ΙΕ 0=0, R(P) +2 
| ELSE CONTINUE 
IF D МОТО, RIP) +2 
ELSE CONTINUE 
IF DF=1, R(P) +2 
ELSE CONTINUE 
IF DF=0, R(P) +2 
ELSE CONTINUE 
IF Q=1, R(P) +2 


LONG SKIP IF D.NOT O 


LONG SKIP IF DF=1 


LONG SKIP ΙΕ ΡΕΞΟ 


LONG SKIP IF Q-1 


ELSE CONTINUE 
LONG SKIP IF Q-0 IF Q=0, R(P) +2 

ELSE CONTINUE 
LONG SKIP IF 1Е=1 IF IE=1, R(P) +2 


ELSE CONTINUE 


CONTROL INSTRUCTIONS 
IDLE 


WAIT FOR DMA OR 
INTERRUPT; M(R(0))>BUS 
CONTINUE 

N>P 
Ν»Χ 


ΝΟ ΟΡΕΒΑΤΙΟΝ 
SET P 
SET X 


T>M(R(X)) 
(X,P)* T; (X,P)>M(R(2)) 
THEN Р»Х, R(2)-1 
Mn Up R(X) +1 
1*1 

M(R(X))*(X,P); R(X) +1 
0»1Ε 


SAVE 
PUSH X,P TO STACK 


RETURN 


DISABLE 


#Ап idle instruction initiates a repeating S1 cycle. The processor will continue to idle 
until an 1/О request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the. . 
request is acknowledged, the IDLE cycle is terminated and the 1/О request is serviced, 
and then normal operation is resumed. 


NOTE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE 
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED. 


TABLE | — INSTRUCTION SUMMARY (CONT'D) 


OP 
^. INSTRUCTION [MNEMONIC | CODE OPERATION 


INPUT-OUTPUT BYTE TRANSFER 


OUTPUT 1 M(R(X))*BUS; R(X) +1; N LINES = 1 
OUTPUT 2 M(R(X))»BUS; R(X) +1; N LINES = 2 
OUTPUT 3 M(R(X))+BUS; R(X) +1; N LINES = 3 
OUTPUT 4 M(R(X))*BUS; R(X) +1; N LINES = 4 
OUTPUT 5 M(R(X))*BUS; R(X) 41: N LINES = 5 
OUTPUT 6 ! M(R(X))>BUS; R(X) +1; N LINES = 6 
OUTPUT 7 M(R(X))>BUS; R(X) +1; N LINES = 7 
INPUT 1 BUS*M(R(X)); BUS*D; N LINES = 1 
INPUT 2 | | BUS*M(R(X)); BUS*D; N LINES = 2 
INPUT 3 | BUS*M(R(X)); BUS*D; N LINES = 3 
INPUT 4 BUS*M(R(X)); BUS*D; N LINES = 4 
INPUT 5 BUS*M(R(X)); BUS*D; N LINES = 5 
INPUT 6 BUS*M(R(X)); BUS*D; N LINES = 6 
INPUT 7 BUS*M(R(X)); BUS*D; N LINES = 7 


1. Long-Branch, Long-Skip and No Op instructions are the only instructions that require 

three cycles to complete (1 fetch * 2 execute). 
Long-Branch instructions are three bytes long. The first byte specifies the condition to 
be tested; and the second and third byte, the branching address. 
The long-branch instructions can: 

a) Branch unconditionally 

b) Test for 0-0 or D#0 

c) Test for DF=0 or DF=1 

d) Test for О=0 or 0-1 : 

.e) effect an unconditional no branch 
If the tested condition is met, then branching takes place; the branching address bytes 
are loaded in the high-and-low-order bytes of the current program counter, respectively. 
This operation effects a branch to any memory location. 


If the tested condition is not met, the branching address bytes are skipped over, and 
the next instruction in sequence is fetched and executed. This operation is taken for 
the case of unconditional no branch (NLBR). 


2. The short-branch instructions are two bytes long. The first byte specifies the 
condition to be tested, and the second specifies the branching address. 
The short-branch instructions can: 
a) Branch unconditionally 
b) Test for 0-0 or D#0 
c) Test for DF=0 or DF=1 
d) Test for О=0 ог 0-1 
e) Test the status (1 or 0) of the four EF flags 
f) Effect an unconditional no branch 


If the tested condition is met, then branching takes place; the branching address byte 
is loaded into the low-order byte position of the current program counter. This effects 
a branch with the current 256-byte page of the memory, i.e., the page which holds the 
branching address. If the tested condition is not met, the branching address byte is 
skipped over, and the next instruction in sequence is fetched and executed. This same 
action is taken in the case of unconditional no branch (NBR) 


3. The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP) 
and eight Long-Skip instructions. | 
The Unconditional Short-Skip instruction takes 2 cycles to complete (1 fetch + 1 execute). 
Its action is to skip over the byte following it. Then the next instruction in sequence is 
fetched and executed. This SKP instruction is identical to the unconditional no-branch 
instruction (NBR) except that the skipped-over byte is not considered part of the program. 


The Long-Skip instructions take three cycles to complete (1 fetch * 2 execute). 


They can: 
a) Skip unconditionally 
b) Test for 0-0 or 050 d) Test for Q=0 or 0-1 
c) Test for DF=0 or DF=1 e) Test for 1Е-1 


If the tested condition is met, then Long Skip takes place; the current program counter 

is incremented twice. Thus two bytes are skipped over and the next instruction in sequence 
is fetched and executed. If the tested condition is not met, then no action is taken. 
Execution is continued by fetching the next instruction in sequence. 
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BUS 0 to BUS 7 
(Data Bus) 


NO to N2 (1/0 Lines) 


EF1 to EF4 
(4 Flags) 


INTERRUPT, DMA-IN, 


DMA-OUT 
(3 1/0 Requests) 


SCO, SGT: 
(2 State Code Lines) 


TPA, TP 
(2 Timing Pulses) 


MAO to MA7 
(8 Memory Address Lines) 


SIGNAL DESCRIPTIONS 


8-bit directional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and 1/О devices. 

Activated Бу ап Ι/Ο instruction to signal the 1/О control logic 
of a data transfer between memory and 1/О interface. These 
lines can be used to issue command codes or device selection 
codes to the 1/0 devices (independently or combined with 
the memory byte on the data bus when an 1/О instruction 
is being executed). The N bits are low at all times except 
when an 1/О instruction is being executed. During this time 
their state is the same as the corresponding bits in the N 
register. 

The direction of data flow is defined in the 1/О instruction 
by bit N3 (internally) and is indicated by the level of the 
MRD signal. 

MRD = Vcc: Data from 1/0 to CPU and Memory 

MRD = Vss: Data from Memory to 1/0 

These inputs enable the !/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by 1/О 
devices to “call the attention" of the processor, in which 
case the program must routinely test the status of these 
flag(s). The flag(s) are sampled at the beginning of every S1 
cycle. 


These inputs are sampled by the CDP1802 during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 


interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to O (inhibit); and instruc- 
tion execution is resumed. The interrupt action requires one 
machine cycle (S3). 

DMA Action: Finish executing current instruction; В(0) 
points to memory area for аата transfer; data is loaded into 
or read out of memory; and increment R(0). 

Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. 

These outputs indicate that the CPU is: 1 fetching an instruc- 
tion, or 2) executing an instruction, or 3) processing a DMA 
request, or 4) acknowledging an interrupt request. The levels 
of state code are tabulated below. All states are valid at TPA. 
Н = Voc = VES 


EX NE 
SO(Fetch) 3) αἱ 
S1 (Execute) 
S2 (DMA) BS me 
93 (Interrupt) |o mos 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by 1/О controllers to interpret 
codes and to time interaction with the data bus. The 
trailing edge of ТРА is used by the memory system to latch 
the higher-order byte of the 16-bit memory address. TPA is 
suppressed in IDLE when the CPU is in the load mode. 


The higher-order byte of a 16-bit COSMAC memory address 
appears on the memory address lines MAO-7 first. Those 
bits required by the memory system can һе strobed into ex- 
ternal address latches by timing pulse TPA. The low-order 
byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of 64K bytes. 


MWR (Write Pulse) 


MRD (Read Level) 


o 


CLOCK 


XTAL 


WAIT, CLEAR 
(2 Control Lines) 


A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 

A low level on MRD indicates a memory read cycle. It can 
be used to control three-state outputs from the addressed 
memory which may have a common data input and output 
bus. If a memory does not have a three-state high-impedance 
output, MRD is useful for driving memory/bus separator 
gates. It is also used to indicate the direction of data trans- 
fer during an 1/О instruction. For additional information see 
Table І. 


Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction 
execution, Q is set or reset between the trailing edge of 
TPA and the leading edge of TPB. 


Input for externally generated single-phase clock. A typical 
clock frequency is 6.4 MHz at Vcc = Vpp = 10 volts. 
The clock is counted down internally to 8 clock pulses per 
machine cycle. 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required at terminals 
1 and 39. For additional information see ICAN-6565. 
Provide four control modes as listed in the following truth 
table: - 


The function of the modes are defined as follows: 
Load 

Holds the CPU in the IDLE execution state and allows an 
I/O device to load the memory without the need for a 
"bootstrap'' loader. It modifies the IDLE condition so that 
DMA-IN operation does not force execution of the next 
instruction. 

Reset 

Registers |, N, О are reset, IE is set and O's (Μες) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in S1. The first machine cycle 
after termination of reset is an initialization cycle which 
requires 9 clock pulses. During this cycle the CPU remains 
in S1 and registers X, P, and R(O) are reset. Interrupt and 
DMA servicing are suppressed during the initialization cycle. 
The next cycle is an SO, S1, or an S2 but never an S3. With 
the use of a 71 instruction followed by 00 at memory 
locations 0000 and 0001, this feature may be used to reset 
IE, so as to preclude interrupts until ready for them. Power- 
up reset can be realized by connecting a buffered RC net- 


work to CLEAR. For additional information see ICAN- 


6581. 


Pause 

Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 

Run 

May be initiated from the Pause or Reset mode functions. 
If initiated from Pause, the CPU resumes operation on the 
first negative high-to-low transition of the input clock. 
When initiated from the Reset operation, the first machine 
cycle following Reset is always the initialization cycle. The 
initialization cycle is then followed by a ОМА (52) cycle ог 
fetch (SO) from location 0000 in memory. 
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ΤΕ 


νρο. νος. Vcc The internal voltage supply Vpp is isolated from the Input/ 
(Power Levels) Output voltage supply Vcc so that the processor may 
operate at maximum speed while interfacing with various 
external circuit technologies, including T?L at 5 volts. Vcc 
must be less than or equal to Vp. All outputs swing from 
Vss to Vcc. The recommended input voltage swing is 


Vss to Vcc. 


RUN-MODE STATE TRANSITIONS 
The CDP1802 and CDP1802C CPU state DMA: TNT 
transitions when in the RUN mode are shown 
in Fig. 15. Each machine cycle requires the 
same period of time 8 clock pulses except the 


initialization cycle, which requires 9 clock wg 0 E αν 
pulses. The execution of an instruction re- БҮРЕ цасан" CYCLE 
quires either two or three machine cycles, مال‎ 

OMA ΜΑ 


SO followed by a single S1 cycle or two 51 
cycles. S2 is the response to a DMA request 


and S3 is the interrupt response. Table 1! TINTE 

shows the conditions on Data Bus and ΤΉΝ 
Memory-Address lines during all machine Fig. 15 — CDP1802 microprocessor state 
states. transitions (Run Mode). 
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Fig. 16 — Timing diagram for machine cycle types Nos. 1 through 4. 
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Fig. 17 — Timing diagram for machine cycle type No. 5. 
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Fig. 18 — Timing diagram for machine cycle type No. 6. 
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Fig. 19 — Timing diagram for machine cyle type No. 7. 
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Fig. 20 — Timing diagram for machine cyle type No. 8. 
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Fig. 21 — Timing diagram for machine cycle type No. 9. 
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TABLE ΙΙ. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 
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Ep e 
NOTES: 
' — A. |Е = 1; TPA, TPB suppressed, state = 51 E. Suppress TPA, wait for DMA 
B. BUS = 0 for entire cycle F. IN REQUEST has priority over OUT REQUEST 
C. Next state always S1 G. Numbers refer to machine cycles types — refer 


D. Wait for DMA or INTERRUPT “to timing diagrams, Figs. 16 through 20. 
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Dimensions in parentheses are in millimeters and The photographs and dimensions of each COS/MOS 
are derived from the basic inch dimensions as in- chip represent a chip when it is part of the wafer. 
dicated. Grid graduations аге in mils (1073 inch). When the wafer is cut into chips, the cleavage 


angles are. 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 


` Dimensions and pad layout for CDP1802 


OPERATING AND HANDLING 
CONSIDERATIONS 


1. Handling 
ΑΙΙ inputs and outputs of RCA COS/MOS 
devices have a network for electrostatic 
protection during handling. Recom- 
mended handling practices for COS/MOS 
devices are described in ICAN-6525, 
"Guide to Better Handling and Operation 
of CMOS Integrated Circuits.” 
2. Operating 
Operating Voltage 
During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 
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When incorporating RCA Solid State Devices in 
equipment, it is recommended that the designer 
refer to “Operating Considerations for RCA Solid 
State Devices”, Form No. 1CE-402, available on 
request from RCA Solid State Division, Box 3200, 
Somerville, N. J. 08876. 
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these conditions must not cause Vpp— 
Vss to exceed the absolute maximum 
rating. 
Input Signals 
To prevent damage to the input protec- 
tion circuit, input signals should never be 
greater than Vcc nor less than Vss. 
Input currents must not exceed 10 mA 
even when the power supply is off. 
Unused Inputs 
A connection must be provided at every 
input terminal. All unused input termi- 
nals must be connected to either Vcc or 
Vss, whichever is appropriate. 


Output Short Circuits 
Shorting of outputs to Vpp, Vcc. or 
Vss may damage COS/MOS devices by 
exceeding the maximum device dissipation. 


DIMENSIONAL OUTLINE 
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NOTES: 

1. Leads within 0.13 mm (0 005) radius of true potition 
81 manimum material condition. 

2. Dimension “L” to center of leads when formed parallel. 

3 When this device n supplied solder dipped. the maximum 
lead thickness (narrow portion) will not exceed 0.013 in. 
10.33 тт). 
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Features: 


24-Lead Dual-In-Line 
Side-Brazed Ceramic Package 
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The ВСА-СОР1861С is a video display con- 
troller designed for use in CDP1800-series 
microprocessor systems. It is compatible with 
the CDP1802 microprocessor and will inter- 
face directly with the CDP1802 as shown in 
the system diagram (Fig. 1). 


The CDP186*C utilizes many of the features 
of the CDP1802 to simplify control and mini- 
mize the need for external components. The 
DMA feature of the CDP1802 may be used 
for direct data transfers from memory to the 
CDP1861C. The INTERRUPT input and the 
1/О command lines may be used to perform 
the necessary handshaking between the CDP- 
: 1802 and the CDP1861C. Timing may be 
simplified by operating the microprocessor 
at a clock frequency of 1.76064-MHz (the 
standard color frequency of 3.58 MHz, 
divided by 2, may also be used in some appli- 
cations). The clock and the CDP1802 timing 
signals (TPA and TPB) may then be used to 


ADDR BUS 


Preliminary Data“ 


Microprocessor Products 


CDP1861CD 


Video Display Controller 


® Static silicon-gate CMOS circuitry 

m Interfaces directly with CDP1802 microprocessor 

8 Supports bit-mapped video display for graphic 
flexibility 

8 Generates composite horizontal and vertical sync 

m Programmable vertical resolution for matrix 

display of up to 64 x 128 segments 

Real-time interrupt generator 

Clear input 

External display control 

Single voltage supply (4 - 6 volts) 

Low quiescent and operating power 

Full military operating temperature range 

(—55 to +125°C) 


set the interface timing as shown in the sys- 
tem diagram. In general, the clock frequency 
equals the number of fields per second (60), 
times the number of lines per field (262), 
times the number of machine cycles per line 
(14), times the number of bits per byte (8). 
їп ОМА operation, each machine cycle is a 
memory access. 


Flexibility in vertical resolution may be ob- 
tained by synchronizing the CDP1861C with 
the CDP1802, and employing direct program 
contro! over the DMA process in real time. 
The actual video display takes place during a 
"window" of 4.6 milliseconds out of each 
16.7-millisecond TV field. Throughout each 
such display window, a CDP1802 interrupt 
program may be used to manipulate the DMA 
pointer, re-issuing a given line of the display 
several times to save memory storage at the 
expense of reduced vertical resolution. 
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Fig. 1 — Typical CDP1802 microprocessor system. 


A The Preliminary Data are intended for 
guidance purposes in evaluating the de- 
vice for equipment design. The device 
is now being designed for inclusion in 
our standard line of commercially avail- 
able products. For current information 
on the status of this program, please 
contact your RCA Sales Office, 


Information furnished by RCA is believed 
to be accurate and reliable. However, no 
responsibility is assumed by RCA for its 
use; nor for any infringements of patents 
or other rights of third parties which may 
result from its use. No license is granted 
by implication or otherwise under any 
Patent or patent rights of RCA. 
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The CDP1861C generates composite vertical 
and horizontal sync plus luminance signals 
which can be combined externally to create 
an NTSC compatible composite video signal. 
This composite vertical and horizontal sync 
output signal ( ) is generated 
from the sync reference (SYNC REF) and 
LOAD inputs. Vertical sync is derived from 
horizontal sync by dividing the horizontal 
sync frequency by 262. The composite sync 
signal generates timing for a non-interlace 
video display of 262 lines per field. 


The CDP1861C generates an interrupt re- 
quest ( ) once per field, 60 lines 
after the trailing edge of vertical sync and 
two lines before the raster has reached a 
“display window” (see Fig. 5). This request 
alerts the CDP1802 (or other control system) 
to prepare for DMA (direct memory access) 
activity. The CDP1861C DISP STATUS out- 
put goes low during the 4 lines before the 
display window, and again during the last 4 
lines of the window. This signal may be used 
to give early warning of the display window 
and to release the control system from 
monitoring the DMA activity. 


ΤΉΝ in the third machine cycle of each 
ine of the display window, and lasting for 8 
cycles, the CDP1861C asserts the OMA REO 
output to request a sequence of eight 8-bit 
bytes, which are then used to generate the 

signal. Then, when control signals A 
and B are low and high respectively, each 
assertion of the LOAD input causes the CDP- 
18616 to read a byte from the BUS lines, and 
immediately to shift it out on the 
output, high-order bit first. A DMA pointer 
defines an area of memory which is accessed 


by the CDP1861C to provide a bit-mapped - 


display. 


The display on (DISP ON) and display off 
(DISP OFF) inputs set and reset an internal 
control flip-flop in the CDP1861C. When 
this flip-flop is set, ОМА REQ апа INT REG 


are enabled; when reset, they are disabled. 


Thereset input (RESET IN) is a Schmitt trig- 

er input that resets the CDP1861C. The 
CLEAR output is a conditioned output pulse 
which can be used to reset the external sys- 
tem. ; 


The CDP1861C is supplied in a 24-lead dual- 
in-line ceramic package. 
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TERMINAL ASSIGNMENT 
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MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE (Vpp) 


(All voltage values referenced to Vcc terminal) ................................. -0.5 хо +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS .............................. nnn —0.5 to Мор +0.5 V 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr TA = 56 to 100G 500 mW 

For Τα = +100 хо 4125606 ..... T rn nena Derate Linearly to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Ta 9.5500 25E ο a ο ОТИ ИН i ο ΜΕΝ 100 mW 
STORAGE-TEMPERATURE RANGE (Tgg) «iih —65 to +150°С 
OPERATING-TEMPERATURE RANGE (TA) .................................. —55 to +125°С 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. ........ Bot 426500 


RECOMMENDED OPERATING CONDITIONS at TA = 259C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC Vpp 
(V) 


ELECTRICAL CHARACTERISTICS AT Тд = 25°C 


CONDITIONS TYPICAL 
CHARACTERISTIC VALUES 


Minimum Output Drive Current: 


Video on Syne N-Channel (Sink), Ip 


Reset Out or Flag 


Ι/Ο Requests; 


Reset-In: 
Positive Trigger Threshold, Vp 


Hysteresis Voltage, V | 
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Fig. 3 — Horizontal sync timing diagram. 
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Fig. 4 — Reset transfer characteristics. 
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Fig. 5 — Spatial diagram of one video display field (not to scale). 


Application Information (CDP1861C directly controlled by the CDP1802 microprocessor) 


Figure 6 shows a simple graphic display sys- 
tem using the CDP1802 and the CDP1861C. 
The CDP1861C uses both the INTERRUPT 
and direct memory access (DMA) output 
channel of the microprocessor for display 
refresh. The microprocessor specifies the 


area of memory displayed via the interrupt 
routines, and the DMA output channel is the 
mechanism which transfers the data from 
memory to the CDP1861C via the 8-bit data 
bus. The data are then shifted out one bit at 
a time at the clock frequency to generate the 
video ( |) signal. 
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The composite sync (COMP SYNC) signal 
creates a 262-line-per-field, 60-field-per-sec- 
ond non-interlace video picture. The non- 
interlaced picture frame for this display con- 
sists of two even fields of 262 horizontal lines 
each. This format differs slightly from the 
National Television Standard (NTSC) which 
hasa 525-line interlaced picture frame of one 
odd field and one even field. The vertical sync 
pulse generated at COMP SYNC of the CDP- 
18616 has no equalizing pulses but is serrated 
to maintain horizontal synchronization dur- 
ing the vertical blanking time. The VIDEO 
and COMP SYNC pulses are resistively cou- 
pled to create the composite video, which 
can be supplied directly to a video monitor, 
a modified TV receiver, or an FCC approved 
rf modulator. 


A clock source of 3.58 MHz, the NTSC color 
frequency, if divided by 2, may be used for 
some applications in place of the 1.76-MHz 
crystal shown in Fig. 6. Deviations from the 
NTSC frequencies are as follows: 


Line Freq. 
Field Freq. 


ADDR BUS 


(ADDR BUS | 
КЖ we 


NTSC Clock Frequencies (MHz) 
1.76064 1.764000 | 3.579545/2 


15750 15720 15750 
60 60 60.11 


WAIT (76064 MHz 
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MERE EF 
TPB 33 LOAD 5 


CDPIBO2 


B BIT BIDIRECTIONAL DATA BUS 


upper left-most spot that can be displayed on 
the video screen is the most significant bit of 
the first byte in the display refresh memory 
buffer. The starting location of the display 
buffer is initialized in the INTERRUPT rou- 
tine and may be anywhere in addressable 
memory (ROM, RAM, or both). The lower 
right-most spot that can be displayed is the 
least significant bit of the last byte of the 
display bit map. For each of the 128 horizon- 
tal display lines, 8 bytes of memory are 
sequentially accessed and displayed from 
left to right on the video screen. Adjacent 
illuminated spots appear contiguous both in 
the horizontal and in the vertical directions. 
All display manipulations are accomplished 
by changing the data within the display buf- 
fer or by changing display buffers. 


To control the CDP1861C as shown in Fig. 6, 
the CDP1802 must be in synchronization 
with the CDP1861C during the display win- 
dow. Exactly six machine cycles must be 
executed beyond the eight DMA cycles during 
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Fig. 6 — Typical CDP1802/CDP1861C video display system. 


The user should determine which choice of 
frequencies provides an optimal cost/per- 
formance trade-off for his application. Gen- 
erally, video CRT's are more sensitive to line 
frequency accuracy than to field frequency 
accuracy. 


The display is a bit map of memory. Each bit 
in the display memory corresponds to one 
spot on the video screen. Logical 1 (Vpp) 
bits in memory correspond to white or 
lighted spots in the display. The highest 
resolution that may be produced without any 
hardware modifications is 128 vertical by 64 
horizontal segments. This resolution requires 
1024 bytes of memory for the display. The 


each line, and an even number of cycles 
(262 x 14) must be executed from the start 
of one display window to the start of the 
next. These requirements insure that the 
DMA bursts will not be delayed one cycle 
waiting for an instruction to finish—this delay 
would cause jitter on the screen. These re- 
quirements can be accomplished in two steps: 
1) the main program must not execute any 
3-cycle instructions (i.e., SKIPS, LONG 
BRANCHES, and NOP), and 2) the interrupt 
routine, including the interrupt cycle itself, 


. must employ an even number of cycles, and 


must be synchronized with the DMA bursts. 
There must be 29 cycles between the IN- 
TERRUPT cycle (S3) and the first burst of 


eight ОМА cycles. This timing is accom- 


plished by executing an early 3-cycle instruc- 


tion to compensate for the INTERRUPT 
cycle. Furthermore, exactly three 2-cycle 
instructions must be executed between each 
successive burst. Occasionally these restric- 
tions may be ignored at the expense of jitter 
on the screen. 

For the 128 x 64 display, the CDP1802 soft- 
ware requirement is straightforward. The 
DISP STATUS/EF1 line is not required, and 
EF1 may be used for other purposes. A 
simple interrupt routine merely resets the 
DMA pointer, RO, to the beginning of the 
display buffer area (see Fig. 5)—note the 
3-cycle NOP instruction at the beginning 
which compensates for the 1-cycle interrupt. 
The first burst of eight DMA cycles occurs 
just as this routine finishes, as indicated by 
the bracket following the RETURN instruc- 
tion (70). Exactly 29 cycles separate the 
interrupt request cycle and the first DMA 
burst. The interrupt routine must last at 
least 28 cycles, because the interrupt request 
line is held up that long by the CDP1861C. 


When less RAM is to be used (less resolution), 
a more complicated interrupt routine is used. 
The interrupt routine is protracted for the 
full duration of the display window, and the 
six free cycles in each line are used to execute 
three instructions, which maintain control 
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over the ОМА pointer, RO.1. In the simplest 
cases, each line of 8 bytes is repeated n times 
to give 128/n vertical resolution. With n = 4, 
for example, 64 x 32 resolution is obtained. 
Such an interrupt routine is shown in Fig. B. 
The code from the entry at INTERRUPT to 
DISPLAY is as in the last example. The use 
of three instructions per line does not leave 
time to control a loop, so each of four copies 
of the line corresponds to three instructions 
in the main loop, starting at DISPLAY 
STATUS. The DISPLAY STATUS signal, 
applied to EF1, is used to RO.1 in the last 
pass through the loop, when RO advances 
into the next page after each burst. 


For other values of n, similar routines can be 
devised. For n Ξ 2, the 64 x 64 format, the 
last 4 lines need special treatment (see Fig. 7). 
Other schemes are possible, resulting in other 


. resolutions which vary on command from the 


main program, or even resolutions which vary 
through the display window. 


In general, additional functions may be im- 
plemented in the routine before returning to 
the main program. For example, a real-time 
clock can be maintained by incrementing a 
counter once on each interrupt, i.e., once 
per 1/60 second. Another example is vertical 
“scrolling” of the display, wherein the start- 
ing address in a display file is incremented or 
reincremented at regular intervals. 


Signal Term.No. 
RESET IN 8 
CLEAR 23 
DISPLAY-ON 10 
DISPLAY-OFF 11 


Definition 


An input signal which, when low (Vss), initializes 
the counters, inhibits the display, and places all 
control outputs in the high (Vpp) state. 


The RESET IN terminal is a Schmitt-trigger-type 
input which permits the use of an external RC 
network to provide a power-on reset. 


The output of the Schmitt trigger (reset input circuitry) 
provides high speed transitions that may be used to 
reset other devices. It may be connected to the CLEAR 
terminal of the CDP1802 microprocessor. 


Positive input signals that control the display. When 
enabled (DISPLA Y-ON = Vpp), data transfers, DMA, 
and interrupt requests are permitted. These operations 
are inhibited by the low-to-high transition of the 
DISPLAY -OFF input signal if DISPLAY-ON = νος. 
The RESET IN signal also inhibits the display. 


When inhibited, the internal counters remain operational. 
Sync and display status signals are generated. Video out- 
put becomes low when the register is emptied. Table | 
indicates the enable/disable conditions. 


Table | 


l 

ON OFF 
5 NI "x 
la us on [x 
шор 2 120 


23 


3 


DISABLE 
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Signal Definitions (Cont'd) 


Signal Term.No. 


CLOCK 


SYNC REFERENCE 
LOAD 


COMP SYNC 


IN UPT REQU 


DISPLAY STATUS 


σι δα 


9 


Definition 


The DISPLAY-ON and DISPLAY-OFF signals may be 
provided by the 1/О commands (N bits) of the CDP1802 
microprocessor. 


The input for an externally generated single-phase clock 
which determines the clock rate for the B-bit data shift 
register. Data are shifted on the high-to-low transition 
of the CLOCK input signal, most significant bit first. 

A low level (707) is shifted into the least significant bit. 


The CLOCK signal may be derived directly from the 
CDP1802 microprocessor by connecting the CLOCK 


- terminal of the CDP1861C to the XTAL terminal of 


the CDP1802. 


Positive timing pulses each occurring once for every 8 
clock pulses. The SYNC REFERENCE signal precedes 
the LOAD signal. 


The SYNC REFERENCE signal is used as the clock for 
the horizontal line counter. The LOAD signal is used 
as a strobe for gating the output of the counter and for 
loading data into the data register. They are normally 
connected to the TPA and TPB terminals of the 
CDP1802 microprocessor. 


Negative (high going low) output signal resulting from 
the exclusive “OR” of the output of the horizontal and 
vertical counters. COMP SYNC can be combined with 
the VIDEO output to form a composite video signal. 


The COMP SYNC output frequency and pulse duration 
are determined by the SYNC REFERENCE and LOAD 
input signals. A horizontal sync pulse is initiated by 
the trailing edge of the LOAD input signal following 
the thirteenth or fourteenth SYNC REFERENCE 
input, as determined by the status of the CONTROL A 
and CONTROL B input signals, and is terminated on 
the leading edge of the subsequent second count of 

the SYNC REFERENCE input. 


Vertical timing is generated coincident with the 262 
horizontal timing pulse and is present for six horizontal 
clock cycles. Idealized timing is illustrated in Figs. 3 
and 5. 


A low (Μες) output signal two horizontal cycles prior 
to the display, as shown in Figs. 3 and 5. This signal 

is the output of the “open drain'' of an n-channel tran- 
sistor and requires an external pull-up resistor to VDD. 
The INTERRUPT REQUEST output signal is normally 
connected to the INTERRUPT input terminal of the 
CDP1802 microprocessor. Іп a CDP1802-based system 
29 machine cycles occur from initiation of an 


INTERRUPT REQUEST until the DMA REQUEST. 


A low (Μος) output signal which occurs for a period of 
four horizontal cycles prior to the beginning and end 
of the 128-line display window, as illustrated in Figs. 3 
and 5. The signal can be used by the program software 
routines to indicate the boundaries of the display area. 
It is normally connected to a CDP1802 FLAG input 
terminal. 


Signal Definitions (Cont'd) 


Signal 


CONTROL A 
CONTROL B 


DI7 - DIO 


VIDEO 


Term.No. 


2 


22 
21 


13-20 
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Definition 


A low output (Vss) that requests an 8-bit data transfer. 
The output signal is from the “open drain” of an n- 
channel transistor and requires an external pull-up 


resistor to VDD. Depending upon the status of the 


CONTROL A and CONTROL B input signals at hori- 
zontal sync time, DMA requests are initiated on the 
leading edge of the second SYNC REFERENCE input 
signal following the horizontal sync output. This 
feature is necessary in order to reference the data re- 
quests to the program's ability to respond to them, : 
insuring that data will always be initiated at the same 
point on the display. 


The system should respond to a DMA REQUEST by 
setting CONTROL B high (Vpp), and CONTROL A 
low (Μος) permitting data transfer. Data will be 
loaded on the subsequent 8 LOAD input signals. 
DMA REQUEST will be terminated on the ninth sync 
pulse, at which time CONTROL B should be set low 
(Vss) prior to the next LOAD command. Timing is 
illustrated in Figs. 3 and 5. The DMA REQUEST 
output signal may be connected to the DMA IN 
terminal of the CDP1802 microprocessor, which 
responds as discussed above. 


Input signals used to synchronize the operation of the 
CDP1861C with its controller. They should be ini- 
tiated prior to the SYNC REFERENCE input and 
terminate after the LOAD input pulse. 


The CONTROL signals are sampled at two different 
times: 1) During the horizontal sync output when the 
SYNC REFERENCE input is present, the CDP1861C 
expects to see CONTROL A = 1 (Vpp), and CONTROL 
В = 0 (νος). Any other combination will result in the 
skipping of one of the normal 14 cycles per line. This 
feature allows the CDP1802 to force initial instruction 
fetch/execute sync with the CDP1861 C, and assures 
sync in case it is later lost for any reason. 2) In the 8 
cycles following the CDP1861C OMA REQUEST 
assertion, the CDP1861C expects to see CONTROL 

A = 0, and CONTROL B = 1. Any other combination 
will prevent the CDP1861C from loading data from 
the bus. 


These signals may be connected to the STATE CODE 
outputs of the CDP1802 microprocessor; CONTROL A 
to SCO and CONTROL B to SC1. 


Input signals to the data register. Data are loaded during 
the high-to-low transition of the CLOCK only when 
LOAD = Vpp and the CDP1861C is enabled. DISPLAY- 
ON = 1 (Vpp), CONTROL A =0 (Увс), and CONTROL 
B =1 (Vpp). 


The data input signals are normally connected to the 
8-bit microprocessor data bus. 


Output from the most significant bit of the data 
register. It is used to determine the luminance 
level and may be combined externally with the 

output signal to form a composite 
video signal. 
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Масһїпе Соде 


72 
70 


Machine Code 


72 
- 70 


Assembly Language 


INTRET: 


INT : 


DISP 


DISEF 


LDXA 
RET 

NOP 

DEC R2 

SAV 

DEC R2 

STR R2 
A.1(DISMEM) + RO.1 
A.0(DISMEM) * RO.O 
NOP; NOP 

SEX2 

GLO RO 

SEX2 

DEC RO 

PLO RO 

SEX2 

BN1 DISP 

GLO RO 

SEX2 

DEC RO; PLO RO 
SEX2 

B1 DISEF 

BR INTRET 


Comments 

.. RESTORE D 

.. RETURN - 

.. 3 CYC.INSTR.FOR PGM.SYNC 
.. R2 IS STACK PTR 

.. T+ STACK 


.. D> STACK 
. . DISMEM IS START ADDR 
.. OF DISPLAY MEMORY 

. NOPS FOR PGM SYNC 


. . NEW LINE 

.. МОР 

.. RESTORES RO.1 IF PASS PG 
.. REPEATS SAME LINE 

. . МОР 

.. LOOP 60 TIMES 

.. LAST 4 VIDEO LINES 

.. NOP 


. NOP 


.. END OF DISPLAY 


Fig. 7 — Interrupt routine for 64 x 64 format (2 pgs mem). 


Assembly Language 


INTRET: 


INT 


DISP 


LDXA 
RET 
NOP 


DEC R2 

SAV 

DEC R2 

STR R2 
A.1(DISMEM) > RO.1 
A.0(DISMEM) > RO.O 
NOP; NOP 

SEX2 

GLO RO 

SEX2 

DEC RO 

PLO RO 

SEX2 

DEC RO 

PLO RO 

SEX2 

DEC RO 

PLO RO 

BN1 DISP 

BR ΙΝΤΗΕΤ 


Comments 
.. RESTORE D 
.. RETURN 


.. 3 CYC. INSTR. USED 
. FOR PGM. SYNC 


.. R2 ISSTACK PTR 
.. T> STACK 


.. D * STACK 

. . LOAD RO WITH 

.. START.ADDR.OF DISP.MEM 
. . NOPS USED FOR SYNC 


. . LINE START ADDR. > D 
.. NOP 
.. RESET RO.1 IF PASS PG 
. LINE START ADDR. + RO.O 
.. NOP 
. . RESET RO.1 IF PASS PG 
. . LINE START ADDR. > RO.O 
.. NOP 
. RESET RO.1 IF PASS PG 
.. REPEATS SAME LINE 
. LOOPS 32 TIMES 
. END OF DISPLAY 


Fig. 8 — Interrupt routine for 64 x 32 format (1 pg mem). 


Machine Code Assembly Language Comments 

72 INTRET: LDXA .. RESTORE D 

70] RET .. RETURN 
“04 ΙΝΤ : МОР . . ENTRY POINT 

22 DEC R2 .. R2 = STACK PTR 

78 SAV ..T* STACK 

22 DEC R2 

52 STR R2 ..D* STACK 

E2, E2 SEX R2; SEX R2 . . МОР 

F8. BO A.1 (DISMEM) > RO.1 `... LOAD RO WITH 

F8..A0 A.0(DISMEM) > RO.O .. START ADDR OF DISP.MEM. 
30 BR INTRET .. OR INSERT OTHER COMMENT 


Fig. 9 — Interrupt routine for 64 x 128 (4 pgs mem). 


OPERATING AND HANDLING 


1. 


CONSIDERATIONS 


Handling 

ΑΙΙ inputs and outputs of RCA COS/MOS 
devices have a network for electrostatic 
protection during handling. Recom- 
mended handling practices for COS/MOS 
devices are described in ICAN-6525, 
"Guide to Better Handling and Operation 
of CMOS Integrated Circuits.” 


Operating 
Operating Voltage 

During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 
these conditions must not cause VDD— 
νος to exceed the absolute maximum 
rating. 


Input Signals 
To prevent damage to the input protec- 
tion circuit, input signals should never be 
greater than Vpp nor less than Vss. 
Input currents must not exceed 10 mA 
even when the power supply is off. 


Unused Inputs 
A connection must be provided at every 
input terminal. All unused input termi- 
nals must be connected to either VDD or 
νος, whichever is appropriate. 


Output Short Circuits 
Shorting of outputs to Vpp or Vss may 
damage COS/MOS devices by exceeding 
the maximum device dissipation. 
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DIMENSIONAL OUTLINE 


D Suffix 
24-Lead Dual-In-Line Ceramic Package 
JEDEC MO-015-AG 


9265199481 


нэ МУМ Е ТЕВЕ 


ΜΙΝ. | 
EE ΜΠΕ 
0.020} 0.065 
0.020 0.381 0.508 
π.μ 
0.204 0. 304 
E ЕЎ 
0. 500 0. 625 15.24 15.87 
Ня 


0. ПО 0.180 4.57 
L2 шэн 000 | 0.030 a 76 
0.020 | 0.080 
0.020 | 0.060 
NOTES: 


Refer to JEDEC Publication No. 95 for Rules for 
Dimensioning Axial Lead Product Outlines. 

1. When this device is supplied solder dipped, the 
maximum lead thickness (narrow portion) will 
not exceed 0.013” (0.33 mm). 

2. When base of body is to be attached to heat sink, 
terminal lead standoffs are not required and A1 = 0. 
When A1 = 0, the leads emerge from the body with 
the B1 dimension and reduce to the B dimension 
above the seating plane. 

3. e1 and eA apply in zone L2 when unit is installed. 
Leads within 0.005 '' (0.127 mm) radius of True 
Position (TP) at gauge plane with maximum 
material condition. 

‚ Applies to spread leads prior to installation. 

. N is the maximum quantity of lead positions. 

6. N1 is the quantity of allowable missing leads. 


σι δὲ 


When incorporating RCA Solid State Devices in 
equipment, it is recommended that the designer 
refer to “Operating Considerations for RCA Solid 
State Devices”, Form Мо, 1CE-402, available on 
request from RCA Solid State Division, Box 3200, 
Somerville, N, J. 08876. 
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APPENDIX С SOFTWARE 

This part of the manual was included to answer the question 
of many new owners of a computer, "What can I do with it and how 
do I do it?” We hope the six parts of this appendix provide 
assistance in getting started. Included are section on the 
general theory, some simple practice programs, and both music 
and video demonstration programs. The last page describes some of 
the available books, etc., available on 1802 software, 


90 


1, 1802 ARCHITECTURE 

This section is intended to provide a background on some of the 
programming requirements which are unique to the 1802, Reading the 
data sheets in Appendix B and then referring to them while you read 
this section will enhanse your understanding of what it takes to 
create a successful program, Do not let the apparent complexity 
scare you, Just refer to section 4 of this appendix for a step 
by step introduction VIA a series of experiments, 


INITIALIZATION 


Practically к oU е up or cc] | 
4η some way before e program can start performing its tasks. n 


the SUPER ELF, upon switching on power, the data values in the com- | 
puter and memory get randomly set by the power on transients,  There- 7 
fore, programs must recover from this unknown condition and set — 
themselves to fully known conditions in order to insure proper opera- 
tion, This should not be hard to understand, The harder thing to 
understand however 1s just what needs to be done, Thus the task we 
have before us is to discuss what needs to be initialized and why. 
In order to do this, first a description of the SUPER ELF'S 
initializing at RESET (Н) is needed and to discuss it we need to 
introduce and discuss the registers and how the CPU (central process- 
ing unit) functions with respect to the program counter, After 
that, we need a discussion of the interrupt function since it certainly 
has a dominating influence on the initialization of any program that | 
uses interrupts, 

A reference manual to the 1802 microprocessor, such as the 
ВСА 1800 User Manual MPM 201B available from Quest, 18 а valuable 
aid in following this discussion and also describes other functions 
and uses of the SUPER ELF. 


REGISTERS 


which we call function 
e function registers are used 1n 


ratch registers, 
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the running of the CPU and the scratch registers are under the 


control of the programmer, There are several function registers 
but the ones of most concern are ——MÓÜ—Á The 
purpose of th 15 to denote the scratch 
registers 1s 


The CPU at the appropriate time will then get or 
store data to or from the location steered, 
used with certain instructions such as for 
qum . The P steering is used to 
struction to be executed in the program. 
other hand is an interface register fc 
data bus (or input/output) arithmetic func 
It is the "middleman" between most functions of the CPU, There are 
16 scratch registers and these may be used with X or P steering as 
mentioned above, for various other references to memory as the 
programmer sees fit, or for counting and for temporary (scratch) 


etween the 
ons or scratch registers, 


storage of data, 


CPU 


| It works by ge т ("fetching") data from men 
steered by the P register, decoding an erforming functions denoted 
by the data, 1,6, "executing instructions," 


ins 


s 1mportant here 15 to consider the job of the P register in 
relation to the CPU, What we mean by the r is the particu- 
lar scratch register currently designated as the 


сс eae fo. This register is settable by 

the program just as any scratch register is, The P register can be 
er a a al erea." Otherwise the location 
designated by the P register is always the NEXT location of memory 


after the current instruction (making allowances for two and three 
byte instructions). The address gets incremented as appropriate 
while the CPU is busy executing the present instruction, 
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RESET 


1s depressed, 


Reset occurs every time the R key 


register his means therefore that both the X and P registers 
refer to Sets register 0 which is loaded with the address of the 
first location of page 0. Thus upon depression of the G key, the 
SUPER ELF will start executing instructions from that location on. 
Reset also disables the Q flip flop and enables interrupts, Many 
programs use the Reset function of the computer. 


INTERRUPTS 


at ° CPU of the SUPER ELF is 
g or. With a different hardware set up, it 
could also be used for other functions as well, but we are only 


concerned with the usual desi REESE UB στι a 
the CPU to set aside its current 


instruction execution (it waits for the completion of the immediate 
instruction at hand) and to to the 
video generator, via register 0, of the stort ange: ШИШЕ 
on the TV screen, At the moment o nterrup and at current 
instruction completion), + J not only 

but automatically ς Р 4 1, It saves 
the old assignment of X anc y further interrupts, 
Then when the transfer of data to the TV is begun the video generator 
uses scratch register 0 to locate the data, but 1n doing so also 
modifies the contents of this register. 


зэ 


In order to provide the initialization, not only do the preceding 
facts have to be taken into account but also programs using а "stack" 
and & data "pointer" register! 


33 
INTERRUPT SUBROUTINE 


| The only purpose of the interrupt subroutine is to provide the 
starting address of the data to be copied and put on the TV screen 
by the video generator, Im order to explain how this is done, an 
analysis of what happens when an interrupt occurs and subsequently 
until the video display is completed is needed, Thus an explanation 
of the video generator function and video synchronization will be 
given, 


VIDEO GENERATOR 


or of the SUPER ELF works very efficiently 
It can be thought of as ап o 
sole purpose 1з t and to present data 
from memory on the screen of the TV, It 1s capable of 
up to or as little as 
4f so desired. The way the data is obtaine 
for the display is by means of what is called rect memory 8 88 
ο DMA means that the video generator obtains the data directly 


from memory without the aid of the CPU, Therefore, a mms 
> date ооріт; ugh and executing output 


further action is taken by the program, the rest of the operation 

of the video generator is automatic and 1024 contiguous bytes 

of data would be fetched automatically and routed to the TV screen, 
The operation of the video generator is automatic and necessary. 

The video display consists of 128 lines on the screen of the TV and 


8 bytes of data make a line, Thus the video generator requires a ` 


the screen 18 written to (or 
"refreshed"), Now the operation of the video generator can be stated 


more definitely, When the screen is to be refreshed, which occurs 
about 61 times a second in the SUPER ELF, the video generator presents 


ing. Then 1024 bytes of memory data ate obtained via DMA and written 


9 4 


to the TV screen. exactly 29 machine 
cycles later, which is approximately 130 micro seconds, А 
At the moment of DMA, register 
0 18 automatically used for the location of data in memory, Each 
burst obtains just 8 bytes, lasts 8 machine cycles, approximately 
36 micro seconds, after which register 0 will have been incremented 
by 6, 


This process continues 

for a total of 128 DMA bursts an e screen has been written to 
from top to bottom, l 
n and the data 1з written from left to right for a total 
of 64 positions, each bit of the eight bytes representing one of the 
64 positions, The left most bit of the first byte 1s the left most 
position on the line proceeding to the right most bit of the eighth 
byte being the 64th position on the line, If the bit of a byte of 

data is a logical "1" then the corresponding position on the screen 
is a bright rectangle; if the bit is a "0" then its position is 

a dark rectangle. 


Upon entering the interrupt subroutine, simply provide an address 
in register 0 and go back to the main routine. However, the odd 
timing of the 29 machine cycles until the first burst of DMA must 
be dealt with and also the СРО synchronization with DMA has to be 
handled. 


VIDEO SYNCHRONIZATION 
To properly use the video generator, the CPU timing must be 


synchronized with the video generator timing to avoid "jitter" on 
the TV screen, 


ere. The ο that drives the cycling of the CPU also drives 
e video generator and the synchronization between them is on even 
CPU cycles, DMA bursts only occur when a current instruction finishes 
execution at which time the DMA proceeds and the next instruction 
waits until the DMA burst is over, As mentioned above, DMA last 8 
cycles and the time between bursts 18 6 cycles, If no three cycle 
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instructions occur in the program anywhere, one does not have to 
worry about the synchronization since then 1% would occur naturally, 
However, the interrupt operation itself is only one cycle in duration 
and one cycle must be “made up" to keep in even synchronization, 

This is the reason for the odd number of cycles until the first DMA 
burst after the interrupt. 

If the routine were to merely take care of the odd-cycle timing 
correction and just provide the display starting address, obviously 
the intent of displaying just page 0 would not be satisfied so 
the approach was taken to display each line four times, thereby cut- 
ting the memory display to one page. set 


ο ї Š Split | | 2 etweel = [ 1 Эг DIA bursts, 
However, when this approach is taken, the automatic way that the 
refresh would take care of itself is now given up and the subroutine 
has to continually reset the display pointer throughout the refresh 
period. This therefore adds to the overhead of CPU timing cycles 
needed to refresh the display about 50% of the total time, up from 
less than & third otherwise, In addition, the termination of the 
refresh period must now be tested for in the subroutine periodically 
in order to know when to get out of it. The status line EF1 is 
provided for that purpose, It goes logically high when the refresh 


period is up, 


THE STACK 


with the idea of using a stack, Normally the X register refers 
to a scratch register which contains the address of the stack, or 
"points" to the stack, 


8 "entered" at the last pos es to the 
stack go into preceding positions. The first access to the stack 
is from the last entry and subsequent accesses, if no intervening 
entries occur, are from preceding entries, The order of entry or 


access is first in, last out (or FILO), Access to the stack must - 


be consistent, 
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acd The main program uses the stack for the storage of data upon 


reading the HEX keypad, 


The subroutine which periodically inter- 
rupts the operation of the main program must not use the same posi- 


tions in the stack or it would "clobber" the current main program 
value, whatever it happened to be, 
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2.Flow Charts by NICHOLSON 


; Here is a good description of flowcharts which appeared 
in an early issue of QUESTDATA. The author is James C, Nicholson. 


James C. Nicholson RULES. The rules are actually very simple and 


In tHe first issues of QUESTDATA, you probably УТАР цн 
have looked at the coding examples and skipped over 


ө А 
the flowcharts. And if you didn't skip the flowcharts, cy. or ΔΝ flowcharts in the upper 


left corner of your paper. 


| 
| you gave them a cursory examination to go on with 4 
| the written material. You are not a "freak," or “dif- € Move your logic flow down and to the right. 
| ferent," or unusual in any way as this seems to be a € Use connectors as often as possible to 
| generalized pattern for new programmers. The com- prevent confusing lines and eliminate line 
| ment, "Flowcharts are used only by the professionals," “crossovers.” 
is not necessarily a true statement. Flowcharts are ο 


Use arrow points to show the direction of 


needed by EVERYONE. And they should be com- Hos 


pleted BEFORE you start your programming. 

So what's the “big deal" about flowcharts? Very 
simply expressed, it is a pictorial view of your logic in 
solving problems. Symbols and quite rigid rules scare 
a lot of people away from the practice of flowcharting. 


Actually, they aid you in planning your logic just as a e 


€ Always have ONE entry point into any 
symbol. Multiple entries can be handled as 
shown below. 


blueprint aids a carpenter in building a house. Break- 
ing these "rigid" rules into a simple set of rules is not 


that difficult. Let's look at them: 
SYMBOLS. There are literally dozens of sym- e 


bols that can be used in flowcharting, but let'slook at, 


and use, only 6. 
SYMBOL NAME OPERATION (eno) 


€ Always have ONE exit from a symbol except 
terminal  . start/stop processing for a decision symbol which may have either 
two or three exits depending on the compar- 
ison. This is the only time that this “опе 
exit" rule can be broken. 
operation arithmetic operations, 
data movement, setting 
counters, internal work 


input/output reading/writing data 
display status lights 


decision comparison, questions 


connectors tie points for branches 


01111) 


arrows direction of logic flow € Place only one distinct action within each 
symbol. 
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The “how-to-do-it” is again very simple. You сап 
start with the following procedure in writing your 
program until you are somewhat proficient in using 
the symbols, at which time you may eliminate the use 
of arrows to show flow direction if you wish. The 7 
steps in flowcharting are: 


e тщ 
_ (S) Convert phrases to flowcharting symbols. 


You will find your error rate in coding will drop 
immensely after you have started using flowcharting 
techniques before coding. True, you may have to 
change the flowchart after you have debugged the 
program and have it running, but the time taken to 
redo the flowchart will be much less than the time 
taken to debug a non-flowcharted program. After all, 
isn't it a good idea to have everything laid out in 
order before starting a job. Consider the time when 
you built your Super Elf. 


Want some practice? Try some of these problems 
on for size: 


€ Draw a flowchart to make a peanut butter 
and jelly sandwich with selections of two 
types of jelly and three types of bread. 
Decide whether to cut it in half or serve it 
whole. (After you have completed the flow- 
chart, try it out in the kitchen. This is one 
time you can “eat your mistakes.") 


€ Draw a flowchart to set your alarm clock 
before retiring and test the time every minute 
until it is time to sound the alarm. Then turn 
on the Q-LED. (If you are using a relay mod- 
ification, sound an alarm). Try coding it for 
the Super Elf. 


€ Draw flowcharts from various coded pro- 
grams. This is a very helpful tool in under- 
standing the logic of the program and learn- 
ing the instruction set of the RCA 1802. It 
also will give you a more complete docu- 
mentation folder for the program applica- 
tion. 


Well, that's it. Flowcharting is a blessing if you 
understand it and look at it as a joyful experience in 
computing. After all, anything that makes running 


. our Super Elf easier should be fun. Try it. You'll get a 


lot out of it. 
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3. SUPER ELF ROM MONITOR 


The ROM MONITOR operates in one of three modes: 


(1) Program Execute 
(2) Display Memory 
(3) Load Memory 

Because of the size limitation (32 BYTES), this MONITOR 1s 
limited to one page of memory (256 BYTES); however, this 18 
adequate for the basic SUPER ELF. % 

When the MONITOR select M key is depressed, the first 32 
BYTES of RAM are replaced by the 32 BYTE ROM MONITOR. Any program 
or data already loaded into the first 32 BYTES of RAM is preserved, 
but it is not accessible when the MONITOR is selected, A long 
program that must start at location 0 can be loaded with the MONITOR 
except for the first 32 BYTES which must be loaded manually either 
before or after using the MONITOR. When executing a program 
using the MONITOR, remember that the PC is R3, The MONITOR used 
location FF аз а scratch BYTE. 

Using the MONITOR is simple if you remember that the address 
you are interested in is loaded into the HEX keypad before running 
the MONITOR. The MONITOR will display the address selected and 
then wait for further input from the HEX keypad, Thus to run the 
MONITOR follow this procedure: 

(1) RIE RESET (R) 

(2) Hit MONITOR (M) 

(3) Enter address of concern via HEX 
keypad. 

(4) Hit со (6) 

Upon depressing G, the address entered is displayed on the data 
display, If it is incorrect, repeat the above procedure, The 
MONITOR now waits for mode selection. This is done by entering, 
via the HEX keypad, the codes: 00-Тог program execution, starting 
at the address previously specified; 01-Ғог displaying memory 
starting at the address previously specified; or, 02-for loading 
memory starting at the address previously specified, Upon entering 
each digit of the code, the digit is immediately displayed. When 


100 


the code 1з satisfactorily entered, push the I button and the 
MONITOR will then proceed to execute the mode selected, Operation 
then proceeds as follows, 


MODE 00 - PROGRAM EXECUTION 
If mode 00 is selected, the MONITOR will set the program 


counter to point to the address specified and instruction execution 
will start from there immediately. Register 3 is used. Do not 
specify any address less than 20, Otherwise, addressing conflicts 
develop with the MONITOR preventing proper operation, 


MODE 01 - DISPLAY MEMORY 
If mode 01 is selected, the MONITOR will immediately display 


the contents of memory at the address specified, It then waits 
for the I key depression, whereupon 1t displays the next location 
(address + 1), The MONITOR stays in a loop displaying each sub- 
sequent location of memory. upon depressions of the I key. 
MODE 02 - LOAD MEMORY 

If mode 02 45 selected, the MONITOH turns on the Q LED and 
waits for entries from the HEX keypad, displaying all entries 
immediately and writing them into memory at the address specified. 
If the I key is depressed, the next location (address + 1) is then 
loaded with the current value in the keypad and its content is 
displayed, The MONITOR stays in a loop loading and displaying 
subsequent memory locations unpon subsequent depressions of the I 
key, Remember that depressing the INPUT key causes the next location 
in memory to be loaded with whatever is displayed. It is best to 
think of the INPUT key as a load-next address key. Thus it is 
unnecessary to depress the INPUT key after loading the last BYTE 
of a program, If you want to change the contents of location 50, 
for example, the following sequence is used: R, 50, M, G, 02, I, 
XK R where XX is the value to be loaded into location 50 
(NOTE: there is no I after XX), 8 


32 BYTE Monitor Assembly Listing 
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Location Code Address/ Mnemonic/ Action 


Data 


Reference 


Bg 


29 


A 


=5= 


07 -1- 
0С -2- 


ll -3- 


17 -5- 


13 -4- 
IB -6- 


13 -4- 


PLO (1.0) 


SEX (1) 


INP4 
OUT4 


PLO (3.0) 


DEC 
INP 4 
OUT4 
BN4 
B4 


BNZ 


SEP (3) 
SEX (3) 


SHR 


Load address of scratch location 
used by monitor and use Register 
T τος υπραε/οαξερας 


Get address which must be entered 
in the HEX keypad prior to 
pushing Go 


Get and display mode now entered 
here via the HEX keypad. Loop 
until I is depressed 


Check for mode 00. 
program execution. 
If not then use register 3 
Lor Input/Output 


πι Go, Start 


Set the DF flag, ΡΕΞΙ for 
memory display; DF-0 for 
memory loading. NOTE: ANY 

odd HEX input will indicate 
memory display mode and any 
even HEX input (except 00) will 
indicate memory load mode. 


Loop for loading or displaying 
memory. If ΡΕΞ], skip reading 
the HEX keyboard and just 
display contents of memory. 

If DF-0 set the Q LED, read the 
HEX keyboard, display contents 
and load current memory. When 
the I key is depressed, advance 
the current location of memory 
by l: 
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Set up scratch 
&ddress and I/O 
register 


Get and display 
memory address 


from HEX keypad 


Store address 
in register 3,0 


Decrement the 
I/O register 


Get and display MODE 
code from HEX keypad 
(increment's I/O 

register) 


I 
depresseó 


no 


no < 


=0? по 


Change РС to register 


age 


EXECUTE PROGRAM 


Маке R 3 the 
I/O register 


Mode 01 DISPLAY 
Mode 02 LOAD 
selection 


Read the HEX keypad 
and update memory 


Display memory 


(1ncrement" ў I/O 
register 


Decrement the 
I/O register 


I 


yes 


<> 
yes 


Advance to next 
address 
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4. Experiments by HASLACHER 
This section consists of a series of experiments 
originally published in QUESTDATA and written by Boll 
Haslacher, the Editor of QUESTDATA. 
Here we have an excellent beginners set of experiments 
which start πη the very basics and slowly graduate to 


more complex concepts. xA 


In the days of big computers, programmers would 
sometimes have to wait days to get their programs 
back from the processing center. With a micro- 
computer, you can see the result of your program as 
soon as you run your computer, Thus you have instant 
feedback since you can recall exactly what you did in 
most cases and are able to see the effects of your 
programming almost instantly. Gone is the trying 
experience of guessing what you did and why you did 
it to a program, often days later in the case of big 
computer installations. 

The QUESTDATA approach to programming 
mastery is geared toward building a vocabulary of 
machine language. By seeing how each instruction 
affects the output, you will see how programs are 
built. In programming, there are many ways to ac- 
complish the same task. You will develop your own 
programming style as we progress through the 91 
COSMAC instructions. Certain patterns or blocks of 
instructions repeat themselves with great frequency. 
The addition of one instruction, at this point, will 
show how the new instruction affects the output. In 
later lessons we will build what programmers call 
subroutines or CALLS out of lists or blocks of instruc- 
tions which occur with great frequency. 


EXPERIMENT 1 

Enough talk. Grab your Elf and punch in the hex- 
adecimal code 00. Now pres 
does nothing, right? 
(the computer equivale 
revving its engine out of gear). Actually the machine 
is doing something, it is waiting for an Interrupt or 
DMA request, but since we are not using these hard- 
ware devices at the moment, we consider the 
computer to be just idling. 


LOC. CODE MNEM. ACTION 


| 00 00 CUIDA CYCLES ON ITSELF 


| 
| 


EXPERIMENT 1: IDLE 

Now what can we make of this instruction? If we 
put it at the end of a program, the machine will go 
through its list of machine language things to do and 
then it will come to a rest or idle. If we left it to 
chance, there is a possibility that the computer could 
do something strange and unpredictable since, when 
the Elf is turned on, a bunch of random data fills its 
memory. This is like putting a period at the end of a 
sentence so that two sentences will not be read as 
one. So much for Experiment 1. 
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EXPERIMENT 2 


is a die kn m means that the Q-LED "m 


remain on until it is told through another instruction 
(7A) to turn off. We can also test the Q line to find 
out whether it is on or off with a one byte instruction 
—but that's another experiment. 


LOC. CODE MNEM. ACTION 
00 TURN ON Q-LED 


E 
HALT BY CYCLING 


7B-TURN ON Q-LED 
EXPERIMENT 2 


When we put 7B into the computer and follow it 
with 00 we get alit LED (gives you a feeling of power 
to command your computer to do something, doesn't 
it?) If your Q line was attached to a relay or solenoid, 
with a little external circuitry, you could tell your 
computer to turn on your TV or do some form of 
work. All things are possible with a micro. (Well, 
almost all.) 


EXPERIMENT 3 
The next experiment is a bit disappointing, after 


the last. Another nothing? Actually, it isnot a nothing 
— it just looks like nothi 


-LED is started or initialized (in program- 
mer lingo) at the beginning of every run to be off. So 
you see a doubly off LED since both you and the 
micro (as part of its oun housekeeping — initialization) 
have turned the computer off. What happens, you are 
probably asking, if you put in 7B and quickly follow 
it with 7A. Well, try it. You have just seen how fast 
your machine really is. If your clock is running at 
1.7898 MHz. (millions of cycles per second) your 
LED flashes on for 9.088843 millionths of a second. 
This is so fast that you can't see it. Oh well, onward. 


RESET 
(TURN OFF) 
Q-LED 


LOC. CODE MNEM. 
00 7А REQ 
01 OO TBE 


ACTION 
TURN OFF Q-LED 
HALT BY CYCLING 


7A=TURN ΟΕΕ Q-LED 
EXPERIMENT 3 
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ΕΧΡΕΒΙΜΕΝΤ 4 


something. 


at this means is that it 
just branches. If you are 
starting your program at 00 and you want to branch 
back to 00, you just put 30, 00 into your computer 
and it will do this. In other words, the thing following 
30 is not an instruction but a memory location. This 
is slightly different than the instructions we have 
come across so far. Thisis called a two byte instruction 
and in this case it expects to find two hexadecimal 
digits following the 30 command. Thus, in this case 
the 00 does not mean idle but go to location 00. In 
the basic Super Elf we have 256 bits or one page of 
memory. The 30 unconditional branch instruction 
branches within this page. It is a short branch since it 
stays within 256 bits (FF in hex). There are long 
branch instructions which will take you out of the 
page you are in but only after you buy more memory 
for your Super Elf. (Some people still persist in 
believing that the Long Branch is a saloon. Oh, well...) 


BRANCH MNEM. ACTION. 
BRANCH 
TO LOC.0O0 


TO LOC. 00 BR 


UNCONDITIONAL BRANCH 
EXPERIMENT 4 


EXPERIMENT 5 
(like about seven) and a whole bunch of 7A instruc- 
tions (like about E and a 30 and a 00 and see what 
will get a tone. If you 


sound is BALON 18 а ponch of ons and offs can 
make a tone, The more 7B's and 7A’s you have, the 
lower the note you hear will be. Try it. The Q-LED 
will give you a visual look at the frequency of the 
on-off cycles. 


START 


7B's 
TURN ON's 


7A's 
TURN OFF's 


BRANCH 
TO START 


LOOP WITH UNCONDITIONAL BRANCH 
EXPERIMENT 5 


FUSING 7B's AND ‹ 


7A's HIGH 
NOTE- USE 14 7B's 
AND 13 7A's ET WELL 
WITHIN HEARING RANGE-- 


4,000 HZ. 


EXPERIMENT 6 
So if 30 is an unconditional branch, what is a con- 
ditional branch? A conditional branch asks a question. 
On the basis of the answer to the question, the com- 
puter makes a decisi 


.If the INPUT button is not depressed, the 
location following 3F will be re: 


ntaining the other branch choice). 
way to see this is to try the following exam- 
ple: 3F, 00, 7B. 00. 

After keying in the instructions and running the 
program (not using the monitor), you will find that 
nothing happens until you press the INPUT button and 
then the Q-LED comes on. This is the second experi- 
ment with a frill added to it. 


UV) ЗР 


01 00 


03 00 


CONDITIONAL BRANCH 
EXPERIMENT 6 


EXPERIMENT 7 

There is another way to ask about the condition of 
the INPUT button (up, depressed); we can ask if the 
INPUT button is depressed. Although this seems to 
be.a more direct way to verbalize the question, it is 
a two byte longer program. The reason for this is that 
we have to branch unconditionally back to our starting 
location, if we use this approach. Try it: 37, 04, 30, 


LON 


START 


CODE MNEM. 
37 B 
04 
BRANCH 
ч TO START 30 BR 
00 
7B SE 
00 IDL 


CONDITIONAL AND 
UNCONDITIONAL BRANCH 


EXPERIMENT 7 


LOC, CODE MNEM, 


BN4 


02 .7B SEQ 
IDL 
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EXPERIMENT 8 


In Experiment 2 we turned the Q-LED on and said 
that we could have the computer sense (or test) 
whether the Q-LED was on. This probably seemed 
like a pretty silly question for a computer to ask itself 
but computers are pretty dumb. The experiment we 
are now going to try will turn the Q-LED on the first 


time you press the INPUT and off the next time 
we go 
If you wis use the 


uper Elf monitor, since this is a longish experiment, 
its: (starting at location 21) E3, 3F, 21, 37, 24, 39, 2B 
TA, 30; 21. 7B; 30,21. 

Why the inclusion of testing for both INPUT de- 
pressed and INPUT not depressed? This is done for 
debouncing of the INPUT switch. Since the micro- 
computer operates in micro-seconds, there is a chance 
that the INPUT button will bounce or chatter when it 
is released. By asking both questions (Is it on, off?) 
we make sure INPUT bounce does not interfere with 
things. 

The COSMAC has a really unique and neat instruc- 
tion. It is display immediate. Dispiay immediate is 
not the normal mode of output for the COSMAC— 
register indirect is. We will be covering register indi- 
rect in the next issue of QUESTDATA; so don't 
worry about it now. If you have come this far you 
have done enough pondering for one / 


gl 8 more micro startup 
housekeeping—initialization). When we are at the 
start of a program ΡΞΧ since 0-0. So we start out in 
the display immediate mode of computer thinking (if 
computers can be said to think). The P-register is the 
Program Counter and the X-register is an index regis- 
ter. Since we don't need to worry about registers at 
the moment, we won't. You have already used a type 
of register, the Q-latch is a register. The Q line (regis- 
ter) stores only one thing (on=1 or off-0). It is an 
unusual register in that it talks to the outside world 
directly. So don't let registers scare you. You have had 
register experience and qualify for the job of register 
person. More about registers in the next QUEST- 
DATA. Stay tuned. 


EXPERIMENT 9 


reads the next thin 
seven-segment LEDs. Thus, since the 


put 


output instruction for a Super Elf and Elf is 64, the 
thing following the 64 gets its name in LED lights. 
Try it: 64, 99, 00. Push run and what do you get? 99, 
Aren't computers obedient? 
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EXPERIMENT 10. 


Lets do the last experiment; the one where we 
pushed the INPUT ànd the Q-LED came on and then 
when we pushed it again it went off, again; but with a 
new twist. This time when it is on we will display 7B 
and when it is off seven-segment LE 


LOC. CODE MNEM. 


00 39 BNQ 
01 00 he monitor on the 
Super Elf: (starting at locatio ) E3, 3F, 21, 37, 24 
TESTING Q's CONDITION ή 39 2D, 64, 7А, ТА Ай ОЛ 5} В ТЕО EA 
EXPERIMENT 8A in our program gets displayed and the other one is the 
[ΧΡῊ ὋΝ. command that does its 7A thing (turning off the Q- 
LED). Pretty good, the Elf tells you what it is thinking 
LOC. CODE MNEM. | ог доїпр. 


00 3F BN4 


Congratulations! You have just tried out some of 
the whistles and bells of the Elf and given it some 
programs to think about. Computers have an insatia- 
ble appetite for programs, so we have presented some 
more in the PROGRAMMING section. Future QUEST- 
DATAs will include more programs which have been 
written for the QUESTDATA CLUB. Send us your 
programs and ideas and see your name and programs 
in pr 


: . pick 
up the instruction manual 201 and read over the 
instructions you have learned. Try new things on 
your own. Have fun. Bye for now. 


LOC. CODE MNEM. 
00 64  OUT4 
01 99 
02 OR; ΤΙΣΙ 


DISPLAY 
IMMEDIATE 
"909" 


ΒΒΑΝΟΗ ΒΒΑΝΟΗ 
TO START TO START 


DISPLAY IMMEDIATE 


EN Р=Х 
Ян ΕΧΡΕΒΙΜΕΝΤ 9 


TURN Q-LED ОМ THEN OFF 
EXPERIMENT 8B 
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D-REGISTER, INITIALIZATION & COUNTERS 


NON 
START In the last QUESTDATA we examined a simple 
Po xd E loop which turned on the Q-LED and made a imi. 
- ὃς Ν The frequency of the tone depended upon the num- 
ber of 7B's (turn on Q-LED) and 7A's (turn off Q-LED) 
NO that the loop contains. When we used seven 7B's and 


six 7A's, the resulting frequency was 8,000 Hz. Here 
is another look at that loop: 


f START 
LOC, i eS 
ч 
a TURN ON's 
02 : 
03 
04 
YES 05 
: 06 7A's 
07 TURN OFF's 
08 
09 
OA 
OB 
oc BRANCH 
DISPLAY OD TO START 
ТА; ОЕ 
TURN ΟΕΕ 


LOOP WITH UNCONDITIONAL BRANCH 
EXPERIMENT 5 


"USING SEVEN 7B's AND SIX 
7A's WILL GIVE A HIGH 
NOTE--8,000 HZ. USF 14 7B'g 
AND 13 7A's TO GET WELL 
WITHIN HEARING RANGE-- 
4,000 HZ. 


Such a loop is called a closed loop since it will loop 
ος 7B forever; or at least until you turn off your COSMAC. 
Often when professional programmers write a pro- 

DISPLAY gram they will unintentionally create a closed loop. 
7B; This is an error in logic or a programming bug. The 
TURN ON program created in this manner will loop forever in 
one particular part of the program and never get to 
execute the remainder of the program. To gain some 
control over the loop we need to set up a device which 


Ч BRANCH counts the number of times that the computer goes 
througl is is don etting up a counter. 


or data) to be our counter. 
inside the 1802 microprocessor itself and it looks 


TURN Q-LED ON — DISPLAY 7B : 
TURN Q-LED ΟΕΕ — DISPLAY 7A architecturally like this: 


EXPERIMENT 10 
P 248153. 12454253 


AN INSIDE LOOK AT THE D-REGISTER 
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As you can see the D-Register is made up of 8 bits 
or a byte. For a long time computer programmers 
have used the analogy of a railway switchyard in 
teaching the concept of registers. Using this compar- 
ison we can take the following look at the D-Register: 


The train configuration in the D-Register represents 
the storage of the hexadecimal number F5. АП of the 
digits in the left four tracks contain a one or boxcar 
and the right hand four contain —off, on, off, on (the 
binary coding for 5). The comparison of the 1802's 
D-Register is only an analogy —don't tell your friends 
that there are little boxcars and switches inside your 
microprocessor chip . . . little men with nets might 
come and get you for saying such things. 

The concept of what a register is may not come to 
you right away, it is something you have to work 
with for a while before you comprehend its exact 
meaning. Fortunately, you can work with registers 
while you are learning about them and their capabili- 
ties. The way in which you choose to use registers will 
determine the effeciency and amount of memory you 
use in your programs. 

Many of the early computers had only the D-Register 
or Accumulator to work with for temporary storage. 
The early PDP-8 also had an MQ (Memory Quotient 
Register) but essentially everything was done in the 
Accumulator. The D-Register is a very important 
part of the COSMAC functioning. If you look at a 
typical listing for a program, you will see that the D- 
Register is used a lot. 


How do you get a byte inside the D-Register? One 
way to do it is with the instruction LDI or Load Im- 
mediate. What load immediate means is that you put 
the next byte into the computer's D-Register. The 
following program will load the D-Register: 


INITIALIZING A COUNTER 
If we wish to use the D-Register as our counter to 
keep track of the number of times a loop is executed, 
we must first give the counter an initial or starting 
value. This is the reason we enter the instruction F8 
and the data FF to be loaded into the D-Regi 
D-Regi ow contains the starting vius U 
e value 00 is usually picked as 
the stopping value of the counter because there are 
two COSMAC instructions which can test the D-Reg- 
ister for this value (3A and 32). We have a starting 
value of FF and an ending value of 00 for our loop 


but how does the D-Register change values to get to 
its final ending value of 00? 


CREMENTING Α COUNTER 
bet ac 


one from the value of the D-Register each time we go 
through the loop, the value of the D-Register will dec- 
rement until it reaches the value 00. When it reaches 
the value 00 the program will stop looping and con- 
tinue executing the rest of the program. Programmers 
would say that the loop is terminated and the flow of 
the program falls through. We have created an edu- 
cated loop or DO LOOP with the number of times 


on for 256 loops using initialization, counters, and 
decrementing: 


LOC. CODE MNEM. ACTION 


00 7B SEQ Turn on О 
LOC. CODE MNEM. ACTION 01 
00 F8 —LDI  |Load D Reg. LOAD NEXT BYTE 02 
OBERE [with Hex FF HEX FF INTO D 
02:.....,00 ccnl HALT 
ЗА ВМ Branch not 00 
| 03 to loe. 03 
07 7А REQ Turn off 9 
08 00 IDL HALT 


isplayed on the display LED's but nevertheless 
something has happened —the D-Register is loaded. 


Let's take a closer look at the device we are using to 
decrement the D-Register. The instruction FF (SMI— 
Subtract Memory Immediate) on page 30 of the RCA 
Microprocessor User Manual MPM-201 says that the 
two operands are subtracted. The D byte represents 
the minuend (the quantity from which another quan- 
tity is subtracted) and the memory byte immediately 
following the FF instruction represents the subtrahend 
(the number subtracted from the minuend) in this 
subtraction operation. So when we issue the code 
sequence FF, 01, the number 01 is subtracted from 
the D-Register. The results of the subtraction are 
placed back into the D-Register. The operation looks 
like this after passing through the loop one time: 


D-Register 
—subtrahend 


D-Register 


gain as 
you no doubt know from the word reiterate which 
means to repeat again. 


The flow of the machines counting and looping 
ability is structured as follows: 
Φ Set up or initialize counter register 


ө Decrement the counter 
ө Test the counter 
e If the counter is not equal to zero 


ë then loop again 
If the counter is equal to zero 
then continue with the flow. 


We use a conditional branch to see if the condition 
we impose (D-Register must be equal to zero) is met. 
When the condition is not true, we continue looping. 
The flow passes to the next instruction on the com- 
computer's agenda when the condition is met (D-Reg- 
ister is equal to zero). 


ill 


At this point you should be able to program a tone 
sounder or buzzer. You can make either one—the 
choice is yours and depends on how many times you 
want to loop on and off. With the number of itera- 
tions up to you—go forth and make a tone . . . You are 
free to use all knowledge gleaned from QUESTDATA 
machine language sections. Try it. (The answer is on 
the next page). 

[No fair peeking beyond this point without trying 
to make a tone on your own first.] 


SNEAKY LOADED DICE PROGRAM 


There is an interesting way to quickly program dice 
into your computer. It is easy to remember. Its only 
drawback is it is not statistically accurate—it will 
show a slight preference for the number six. Well, you 
can't have everything; in a board game—if everyone is 
made aware of this curious fact—you are all off 


E Ve Dpear O e ripi а 
LED. Το simulate two rolls of the dice—run the pro- 
gram twice. Obviously this is not a fancy dice roller. 
How loaded are the dice? You will get 6 two-sevenths 
of the time; the rest of the numbers will come up one 


seventh of the time. 


MNEM. .ACTION 


LOC. CODE 
00 64 OUT 4 Display 
01 01 01 
02 бА OUT 4 Display 
03 * 02 02 
ETC ° See 
BRANCH 
12 30 LOC. 00 BR Branch 
13 00 to loc. 00 


The dice work by using the display immediate or 
64 instruction. When you turn the run cycle off by 
resetting the microcomputer, the last number on the 
display is your dice roll. You don’t stand a chance of 
picking out the number using your reaction time— 
unless your reaction time is in thousandths of a 
second. 


. 
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Your answer should look something like this: 


[Note: Other solutions are possible.] 


7B SEQ Turn on Q 

F8 LDI load D 

FF with hex FF 

FF SMI Subtract 

01 р-0-1 

ЗА BNZ Branch not 00 
03 to Тос. 03 

7А REQ Turn off Q 

F8 LDI load D 

FF with hex FF 

ΕΕ SMI Subtract p 
01 DzD-1 & 
ЗА BNZ Branch not 00 
0A to ЛОС; QA 

30 BR BRANCH 

00 to loc. 00 Repeat 


to get buzzing sound 


u then branch unconditionally back 
starting location 00 and start the whole process 
all over again. If you have successfully completed this 
assignment without peeking, you get a gold star and 
can call yourself a programmer. If you peeked, well, 
you must go directly to jail, not pass go, and you do 
not get to collect $200. 


Let's take another look at the D-Register (the D 
stands for data). The D-Register is a kind of central 
communications center for the 1802 microprocessor. 
In fact, it is the Grand Central Station of the 1802. 
That is, information passes through the D-Register on 
its way to other registers and parts of memory. À lot 
of data bound for other points must make a tempo- 
rary stop at the D-Register. It is like stopping at Chi- 
cago on your way to your destination of New York. 

How would you load up the D-Register with data 
which is bound for another register as its destination? 
First we must load the D-Register with the hexadeci- 
mal number we wish to have end up in the General 
Purpose Register Matrix. If we want the hex number 
FF to be loaded we can use the LOAD IMMEDIATE 
(LDI or F8 in machine code). 
Manual Number 201 we recall: “ 


Ü d > W 0016 
down: Ε8 follwed by the number we wish to have in 
the D-Register —in this case FF. 

There are a number of books out that compare pro- 
gramming to cooking: The Programming Cookbook 
This and The Programming Cookbook That, for ex- 
ample. Anyhow, we will let the egg and mayonaise set 
for awhile (errr, the loaded D-Register). Turning our 
attention to the asparagus (ahhh, General Purpose 
Registers), we prepare another part of the program 
recipe. 


GENERAL PURPOSE REGISTERS 


its long. We can 
guess neral Purpose Registers are impor- 
tant or RCA wouldn't have made so many of them. . . 
and we would be right. In actual area, the General 
Purpose Registers can be seen to take up a good por- 
tion of the 1802. Turning to the back of your Super 
Elf manual or 1802 specifications sheet, you can see 


ven though they represen 

large part of the 1 s architectural investment, they 
are worth it for the programming tricks they will 
enable us to perform. Since there are 16 of these Gen- 
eral Purpose Registers, they can be numbered 0 thru 
F. Each one of these O thru F registers has an upper 
and lower portion. For example, the high part of 
Register 9 has 8 bits and the low part has 8 bits, for a 
total of 16 bits in all. 


LOADING А GENERAL PURPOSE REGISTER 


So pick a register, any register. Let's say you picked 
Register 9 as the lucky register to be loaded. OK, so 


how do we do this PUT LOW and PUT HIGH sound 


like they will do this job 


The contents of D are not changed. 
This sounds like what we want. Since A is the first 
byte of this instruction and carries the meaning (PUT 
LOW), and since N (the second byte) is to stand for 
D-Register data into: 
tting the D-Register 
tting all parts of the 
programming puzzle together, we have: 


LDI F8 

FF 
PLO A9 
PHI B9 


The instructions A9 and B9 say that the D-Register 
is not destroyed when we PUT LOW or PUT HIGH, 
so we know that Register 9 looks like: 


LO 
FF | FF 


WHAT DO YOU DO WITH А LOADED 
GENERAL PURPOSE REGISTER 


Now that we have Register 9 loaded, we might as 
well do something with it. Let's see, we could use it 
as a pointer: 


store something in this location we would load it into 
the D-Register (985 followed by the data w 


to lo ex 35) and with the 
struction — project t 
emory loc . This is kind of like ων 


things in the transporter room of the Starship Enter- 
prise (of Star Trek fame), and beaming them down 
to a strange planet. Well, in a way it is. Anyhow, we 
are not going to use the STR instruction today. If 
you want to use the instruction go ahead but QUEST- 
DATA cannot assume any responsibility for your use 
of his instruction. Remember the black box with the 
mysterious hand trick? Well, in that old toy automa- 
tion, a hand would reach out of a box and throw the 
switch that turned itself off and then would sneak 
back inside the strange box. A very similar case to 
what we have here. See, this pointer hand just escaped 
from this box and is now going back into the box. 
Where were we. If we are not going to use Register 
9 to point, why don't we just decrement it down to 
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zero and use it for a very long delay. To decrement it 
we can use the DEC or mac 


So alter issuing this instruction we have FF FE in 
Register 9. 

If we wish to test this number to see if it is zero, we 
have to dump it back into the D-Register bucket. Since 
the lower byte reaches 00 more quickly than the higher 
byte, let's test the higher part of Register 9 (because 
we want a long delay). Looking around for an instruc- 
tion to use we quickly seize GHI (9N in machine lan- 
guage). This instruction takes the high part of the reg- 
ister designated by N and puts it into the D-Register. 
Thus, 99 in machine language will do exactly what we 
want. We now interrogate the D-Register, and ask it if 
it has reached zero yet. The machine language condi- 
tional ЗА, as you recall from previous QUESTDATA 5, 
does this task for us. Thus, we can continue to branch 
until the D-Register reaches zero (BNZ or 3A), and 
when the D-Register equals zero, the flow of instruc- 
tions continues. 

Reviewing what we have scribbled down thus far in 
machine language, we see: 

| LDI F8 

e FF 

2 РГО (9.0) А9 

4 PHI(9.1) B9 

5DEC (9.0) 29 

Û GHI (9.1) 99 

7 BNZ 3A 
X (LET X-BRANCH LOC.) 

CODE CONTINUES... 


If we put 7B at the start of the program and 7A at 
the end, we will have: Q- c 4 | 
d LED turned a 


5 program since we will be using them in the next 
project. 


THE NEXT PROJECT 


Pretend that at a certan hour the City of Los Angeles 
wants all its stoplights to change to blinking yellow. 
If you were given an 1802 microprocessor, how would 
you make a stoplight blink. In real life you would also 
have to program around a clocking device to start the 
blinking lights at a specific time of day. For this par- 
ticular project you do not have to worry about time 
but are commissioned just to make a blinking program. 
One way to do this would be to test whether the 
Q-LED is OFF (BNQ), and if the Q-LED is not ON, 
then turn it ON. Given this information and being 
in command of the situation; you can now make the 
L.A.P.D. happy. 
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Here is one possible way to make a flashing light for 
the City of Los Angeles. Note that the delay i is made 
into one operation. We can do this since we have 
studied its inner working on page 4 and 5. This is how 
a systems analyst might block out the delay operation. 
Using the tool of flowcharting, given by James C. 
Nicholson (given on pg. 2 and 3), you are prepared to 
explode this block into its component parts. The next 
WHAT THE MACHINE IS THINKING column vwill 
cover memory organization and pointer registers. 


LOC. CODE  MNEM. 


00 7B SEQ 7B 
SUMMUS FE) TURN ON Q 
02 ΕΕ 

03 Α9 PLO 

04 B9 PHI 

05 29 DEC 

06 99 GHI 

07 3A BNZ 

08 05 

09 39 ΒΝΩ 

0А 00 

0B 7A REQ 

ος 30 ΒΗ 

ор 01 


BNQ 
IS QON? 


MEMORY ORGANIZATION 


Α mathematician a long time ago is said to have 
come up with the concept of the matrix while gazing 


rix arrangement 
: Ж computer memory is 
arranged in a big matrix. By identifying a particular 
column (address), you can reveal. its contents (op 
code or data). Thus, computer memory can be 
thought of to look something like this: 


ВІТ 7:858 š a ο τι 


LOC. 
00 00 
00 01 
00 02 
00 03 

ETC. 


Note that we call the hex numbers addresses or 
locations, and use them to get to the data contents. 
Now what a computer does is to automatically step 
or sequence itself through the memory, starting at 
location 00 and marching upward through memory. 
In the 1802 microcomputer, we have the potential of 
addressing 65K bytes (a byte being eight of the points 
in the matrix or 8 bits, as they are called). So the 
computer marches through locations 00 00 to FF FF. 
Memory can be further divided into pages. The first 
page of memory is called page 0, and it reaches from 
location 00 00 to location 00 FF. When the memory 
steps into location 01 00 it has stepped into page 1. 
The short branches (30 the unconditional branch 
being an obvious example), stay within a page of 
memory. Since the instruction will only let you state 
two hex digits for the jump to location, you can see 
how it is that the computer can only branch within 
the memory page you are currently programming. 

One of the hidden benefits of page addressing is 


. that if you use nothing but this type of addressing 


you can easily relocate your program. A program 

written using nothing but short branches can be 

moved to any page in memory and still run perfectly. 

So how would you get to a new page of memory 

using nothing but short branches. One possible way 

to do this would be to jump to location FF on that 
ре and ride over the page boundary using NOPs. 


Another way you might wish to use a NOP (C4) is 
to pad your machine code so that you c 


echnique later on in this machine 
language section. 


THE PROGRAM COUNTER REGISTER 


So what is it that steps your microcomputer sequen- 
tially through memory? With most computers you 
have no control over and are almost unaware of the 
existence of the program counter (PC). The program 
counter is a register which very quietly increments 
itself after each instruction in a program is executed. 
You are never really conscious of this PC Register when 
you are programming other (non-1802) computers. 
The fact is that the 1802 is unique in giving the pro- 

rogram counters. 


The ability to name your PC allows some very 
interesting programming operations. Any one of the 
16 general purpose scratch-pad registers can be made 
the program counter, What would happen if we put 
address 04 00 into Register B, and then switched to 
Register B as our program counter. 

Correct, the next instruction we would execute 
would be in location 04 00. So what we have here is 
a very fast CALL to that part of memory we set the 
PC Register to designate. With a one byte instruction 
and 2 machi 
subroutine. 


good example of a subroutine would 
be a delay (time killing loop) subroutine. So let's see 
what this looks like, since a listing with comments is 
worth a thousand words: 


LOC. CODE MNEM. COMMENTS 
00 F8 LDI Load R(4).0 with starting 


01 ος location of subroutine 

02 A4 PLO4 Put D Reg. into R(4).0 
δ 7B SEQ  TurnonQLED 

04 D4 SEP4 Switch PC thus delay routine 

05 7A REQ Turn off О LED 

06 D4 SEP4 Delay routine again 

07 30 BR Branch back to do again 
"08 03 


09 C4 NOP 
OA C4 NOP 
SEPO 
ος C4 МОР 
OD F8 LDI 


This is an example of a 
NOP — to take up space 
This returns to main prog. 
Not necessary —an example 
Load a delay into high Reg. 


OE FF 

OF BE РНІЕ Put delay into R(E).1 

10 2b DECE  Decrement Reg. E 

11 9E GHIE . R(E).1 to D 

12 3A BNZ Test to see if delay up 

13 10 loop to 10 if not 00 

14 30 BR Branch to reset subroutine 
15 OB starting location which is ОС 


и TUN: eg. 
4) осн ake etting-up to accomplish 
the Register switch. The first instruction F8 loads the 
starting location of the CALL routine into the D Reg- 
ister; the D Register is then transferred into the low 
part of Register 4. If you are using an extended mem- 
ory system, you will also have to put 00 into the high 
memory of Register 4. The 7B turns on the Q LED, 
and the D4 sets the program counter to Register 4. 
When the computer begins running a program the PC 
is always Register 0 and the starting location is always 
00. One of the RCA conventions is to use R3 for the 
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MAIN routine program counter. In a short program 
such as this, it is not really essential to do this, but 
in long programs which use Standard Call and Return 
Technique (SCRT), it is necessary in order to avoid 
confusion in register assignments. So, the PC starts 
out as Register O and is switched to Register 4. This 
means that whatever is in location OC is going to be 
the next instruction executed. 


Гоо the start of the delay fouine! The delay is the 
same time RENE tactic we used in ΜΡ Νο. 


branch is for the purpose of resetting the program 
counter back to 0 and to leave the contents of Reg. 4 
pointing to the start of the delay routine. The last 
contents of program counter Reg. 4 before it passes 
control back to our main program in Reg. 0, will be 
OC. Now that everything is set back to the way it was 
initially; the control passes back to where we left 
Reg. 0 —namely location 05. When the contents of 05 
are executed, the Q LED is turned off — 7A. 

The next insturction D4 repeats the delay routine 
as we did before, and leaves it to go to where Reg. O 
is pointing—location 07. The contents of 07 reveal a 
short branch to location 03. This passing of control 
will continue indefinitely- or until you decide you 
have seen enough and turn off your computer. 

Keep the memory you have put into your computer 
loaded, and proceed to the next section. 


PROBLEM IN SEARCH OF A SOLUTION 


So you think you understand what is involved in 
the clever switching PC technique? OK! Now, for extra 
credit, try this one: Get the computer to alternately 
display on the LED display the letters AA, delay, BB, 
delay, AA, etc. Hint — review the sneaky dice problem 
in QUESTDATA No. 2 for use of the display imme- 
diate instruction, After you have figured it out, you 
can turn to page 7 just to check the solution. 

No peeking before you figure it out—you should 
be able to get this one in under three minutes. One 
more thing: If you should peek your microcomputer 
will turn to dust and you will turn into a frog . . . just 
kidding... 
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the basic Elf, the need for the upper registers is not 
readily apparent. In the basic 256 byte COSMAC, the 
upper protion of the registers make nice temporary 
holding places for data or timing loops. The timing 
loop for blinking the Q-LED at a.visible rate, refer 
to QUESTDATA #3, depends upon decrementing 
all 16 bits of a register. Other methods of long delays, 
such as cascading registers, are also possible. But it 
is when you have extended the memory of your Elf 
past 265 bytes that you begin to see the need for 
having the registers O through F sixteen bits in length. 
The fact that you can store the numbers 00 00 through 
FF FF hex in these ων is put to real use when it 


lower фый ks Mente 1 we write the following code: 
F8 01 ΑΙ. That is, first we place the number in the D- 
Register, using the load immediate instruction, then 
we transfer the number to the low part of Register 1 


using PLO (Put Low Register 1—AI). A good way to ` 


ower down in the alphabet than B. This relationship 
similar to Get Low 8N and Get High 9N (where N is 
any of the 16 registers 0-Е). When we want to put 
the address of something on page 01 of memory (the 
basic 256 bytes of the COSMAC being page 00), we 
write F8 01 B1. We then designate the lower portion 
of memory: F8 00 ΑΙ (Thus Register 1 contains 01 
00 and can be used to point to the address where we 
wish to start loading data). 

When we want to move data or program on an 
extended memory COSMAC, even from one part of 
page 00 to another part of page 00, it is necessary to 
put 00 in the high part of the pointer register. There 
is garbage in the high part of registers, just as there is 
garbage (unwanted numbers) in the memory of your 
microcomputer when it is first turned on 


gram Counter is automatically Register 0). 

If you wish to write a program on page 00 and move 
it to another page of memory (page 04 is used in the 
example) the extended memory mover below can be 
used. You could use this mover to change just part of 
a program written on a high page of memory. It is not 
necessary to change the locations after the 3X branch 
instructions when you move things to a different page 


of memory. This is because the 30 instructions are 
Short Jumps or jumps within the same page. This 
page relative feature is fine, as long as you remember 
to change long jumps or use coding tricks for making 
your long jumps relative jumps. One way to accom- 
plish complete relativity of location, hence easily 
relocated programs, is by using a Pseudo Program 
Counter—a technique described in the RCA User 
Manual for the CDP1802 (MPM-201). Any program 
you write after location 19 and through 00 FF, as 
in this example, will run perfectly on the page to 
which it is transferred. To begin a program which has 
been moved to a new page, you can use the long jump 
CO 04 1A (the example relocates to page 04 1A but 
can be used to relocate anywhere in 65K). 


LOC. CODE  MNEM. COMMENTS 


0000 F8 LDI 

0001 04 ~ HIGH move to start 
0002 B1 PHI1 

0003 F8 LDI 

0004 1A € LOW move to start 

0005 A1 PLO1 

0006 F8 LDI 

0007 οος HIGH from address 
0008 B2 PHI2 949 
0009 F8 LDI 

000A 1А= LOW from address 

0008 A2 PLO2 

000C 42 LDA2 This part loads and 
000D 51 STR5 deposits data in new 
000Е 11 INC1 loc. and inc. pointer 
OOOF 91 GHI1 Puts R1.1 into D for 
0010 FB ХАІ compare with STOP loc. 
0011 04 + HIGH ending STOP loc. 
0012 3A BNZ loop until 04; then cont. 
0013 OC 

0014 81 αι ΟΙ Puts R1.0 into D for 
0015 FB XRI compare with STOP loc. 
0016 FR = LOW ending STOP loc. 
0017 3A BNZ loop until FF; then HLT 
0018 OC 

0019 00 IDL HALT 


PROGRAM RELOCATION 


Just for the fun of it let's take a look at program- 
ming from the viewpoint of the programmer. How 
does he write a program? What steps are involved? 

Programmer: Ummm, let's see now, I wrote this 
whole thing in a lower part of memory (Loc. 0С- 
18) and now they want it to be moved up higher in 
memory. Logically speaking that leaves me with two 
alternatives... find other employment or move it. 
OK, so first thing is to look at the program itself a Q 
line tone which goes: 7B, C4, C4, C4, C4, C4, 7A, C4, 
C4, СА, C4, 30, өс The first thing to look for is the 
3X numbers because 1 know that those are condi- 
tional and unconditional branches and the jump to 
locations must be changed. If there were long branches 
then there would be CX type instructions to find. So 
in this tone generator we have a 7B which turns the Q 
LED on, and C4's which cause a time delay until the 
flow comes to 7A which turns Q off, and then some 
more C4 type delays follow until the 30 instruction 
is encountered. The 30 causes a jump back to loca- 
tion OC. So if I change OC to the first location of the 
place where we are going to move it then we have got 
the problem partially li 


am going to write a 
short routine to move it. This is the type of task that 
the register indirect mode of addressing is well suited 
to handle. The 1802's addressing scheme is register 
indirect, so this program demonstrates its effective- 
ness as well as solving the task. 

The first thing we have to do is initialize the MOVE 
TO location. That is, we want to select a starting 
value and set it aside in one of the lower parts of the 
“pointer registers.” Since the solution to this problem 
of moving a program up in memory requires fewer 
bytes to solve it on a basic 256 byte Elf, we will solve 
it first for the basic Elf and then show how it would 
work on an expanded memory COSMAC. The bytes 
F8, 20, A1 establish the starting location 20 in the 
lower half of register 1. What happens is that the 
20 is put first into the D-register and then passed or 
handed off to the low byte of register 1. It is a kind 
of programming ritual to establish values that you 
know you will need in a program the very first thing. 
So after loading in the MOVE TO value we realize 
that it is equally important to establish a FROM value. 
F8, OC, A2 will do this nicely and it gives the starting 
value (or where to find) of the routine we wish to 
move. 
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Now that we have taken care of the necessary “house- 
keeping (we programmers have a word for everything). 
we can move on to the interesting part. The machine 
language instruction 42 is LDA 2. This is the instruc- 
ion we want next. We really get two commands in 
one with LDA. With two you get egg roll. (No, that 
isn't a programmer term its restaurant talk.) See, with 
LDA you get both an LDA and an INC. The LDN 
part takes the location designated by register 2, namely 
20 and puts its contents (in this case 7B) in the D- 
register. Then the INC part increments register 2, and 
thus leaves register 2 pointing at location 21. 

We now have 7B in the D-register. What next? Well, 
we want to transport it to the MOVE TO location. 
This we must do with two instructions. There is not 
a combined instruction to do this simply because it 
is not something that is encountered very regularly in 
programming the 1802. There is something of this 
type in STXD which both stores and decrements and 
is extremely useful in stack handling. So what we do 
is first STR (51) and then INC (11). The STORE 
VIA N instruction takes the contents of the D-register 
and puts them in the location pointed to by register 1 
which is location OC. The next time we perform the 
loop we do not want register 1 to still be pointing to 
OC or we will be continually writing over this location 
with the new bytes. Hence, we increment location ОС 
with INC (11). Now we are pointing at OD and are 
all set for another round of moving. 

Think of it this way. A moving truck must move all 
the houses on a certain block and move them to an 
identical culdesac in another neighborhood. This is 
a strange situation, but a good example, of the process 
involved. The truck packs up house number one and 
moves the stuff into house number one in the new 
area. The driver increments his map (crosses off this 
house), and goes after the next house. The process 
continues until... The trucker keeps going until he 
reaches the blue house with the green fence. Or the 
house at 760 Elm, or the fifth house if he has been 
told to stop moving at five houses. 

Right, there are three possible ways to stop the 
moving process. The first way is to look for the blue 
house with the green fence. This is the easiest method 
for the programmer but it has some problems which 
we will cover a little later. In programming terms 
we "test the data." We use 3A (BNZ) for this test. 
The byte we are testing for is, of course, 00. If we 
find 00 then we stop the moving process; and if we 
don't then we want the moving to continue. 

Page 4 shows the way this program looks. 
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LOC. CODE MNEM. COMMENTS 
00 F8 LDI ΜΟΝΕ-ΤΟ starting 
01 20 location 
02 Al PLO1 Put loc. in Reg. 1.0 
03 F8 LDI Program you are 
04 OC moving starts here 
05 A2 PLO2 Put loc. in Reg. 2.0 
06 42 LDA2 Load by R2 and INC 
07 51 STR Put D in appointed loc. 


08 11 INC Increment Reg. 1 
09 3A BNZ Test for flag 00 
OA 06 Branch if not flag 


08 00 HLT Halt if 00 flag 


SAMPLE PROGRAM TO BE MOVED TO LOC. 20 


LOC. CODE MNEM. COMMENTS 
OC 78 SEQ Turn on Q-LED 
OD C4 NOP Computer thumb 
0E C4 NOP twiddling 
OF C4 NOP 
10 C4 NOP ` 
11 C4 NOP 
2E C4 NOP 
13 C4 NOP 
14 C4 NOP 
15 ΤΑ REQ Turn Q-OFF 
16 C4 NOP 
17 C4 МОР 
18: 464 NOP 
19 C4 NOP 
1A C4 NOP 
1B C4 NOP 
1С C4 NOP | 
18:30 ΒΗ Branch to Loc. 
ΤΕ 20 changed by hand 
1F 00 Stop code FLAG 


This program will be moved to location 20 when 
run with the above program. To execute the program 
after the move has been made, load locations 00 and 
01 with 30 20 and press run. You can check to see 
that the program is moved by the MEMORY PRO- 
TECT and INPUT increment method. 

The problem with the blue house with the green 
fence approach to data moving is that there may be 
more than one blue house with a green fence, and the 
mover may stop moving before he reaches the correct 
house. Translating this physical analogy to the pro- 
gramming situation, you see that it is quite likely that 
any hex number that you choose will be used as part 
of the program or its incorporated data. We have 
picked an unusual program to load and have checked 
it to see if there are any 0075 beforehand. If you make 
sure to do this, your program will be moved without 
any problems. There are ways around this problem, 
so that a flag type approach (which is what program- 
mers would call it) could be used with a better degree 
of certainty. If you were to search for two 00’s in a 
row, it is more unlikely that these characters would 
appear by chance. IBM uses a similar approach in its 
Job Control Language (JCL) in which the program 
searches for the control characters /* and /&. In some 


programming situations, the search for a control flag 
character is a good choice and a method to keep in 
mind. ADDRESS METHOD 

In our particular programming application—moving 
a program—it is better to choose the address method. 
This method is a sure thing and it doesn't take that 
many more bytes to perform. Each time the program- 
ming loop is performed the program checks for hex 
address 30. When the chosen address is reached, the 
program terminates. 


LOC. SES MNEM. COMMENTS 


00 LDI MOVE-TO starting location 
01 20 is address 20 
02 Al PLO1 Put loc. in Reg. 1.0 
03 F8 LDI Program you are 
04 OF moving starts here 
05 A2 PLO2 Put loc. in Reg. 2.0 
06 42 LDA2 Load by R2 and INC 
075151 STR Put D in appointed loc. 
08 11 INC Increment Reg. 1 
09 81 GLO1 R1.0 goes into D for 
0A FB ХВ! Address XRI testing 
0B 30 15 LOCATION-30? 
ος ЗА ΒΝΖ If it is not location 30 
00 06 then jump to 06 
OE 00 HLT Stop if it is location 30 
OF 7B SEQ Turn on Q-load a simple 
10 C4 NOP program here 
11 C4 NOP to make sure things 
12 C4 NOP really are moved to 

HN C4 NOP location 30 —you can 
14 7A REQ Turn off Q-never be sure 
15 C4 NOP of anything 
16 C4 NOP until you try it and 
17 30 BR discover for yourself 


18 20 Branch to loc. 20 

To run the moved program change locations 00 and 01 to 30 
20 and run. By changing address locations and modifying the 
program you can relocate programs of any length and content. 


COUNTING METHOD 


In this method you set up a register to count the 
number of times the moving loop is made. When this 
counter reaches a preset number the moving process 
halts. The initialization part can be placed anywhere 
up towards the front of the program. Register 3 is 
used as the counter in this example. 


LOC. CODE MNEM. COMMENTS 


00 F8 LDI MOVE-TO starting location 
01 20 is address 20 

02 A1 PLO1 Put loc. in Reg. 1.0 

03 F8 LDI Program you are 

04 15 moving starts here 

05 A2 PLO2 Put loc. in Reg. 2.0 

06 F8 LDI Initialize Reg. 3.0 to 00 
07 00 

08 A3 PLO3 

09 42 LDA2 Load by R2 and INC 
ОА 51 STR Put D in appointed loc. 
OB 11 INC Increment Reg. 1 

oc 83 GLO3 Register 3.0 into D 

00 ЕС ADI ADD one to count 

OE 01 

ΟΕ Α3 PLO3 Put count in R3.0 

10 FB XRI Test the count 

11 OB Is count=12 hex? 

12 3A BNZ If count is not up then 
13 09 дото 09 

14 00 HLT Halt if count is up 

15 AA load data or program 
16 BB here — it can be AA 

17 cc or 01, 02 — just to 

18 DD get the idea of program 
19 EE relocation 


1A ETE: TO LOC. 1F (thus 12 dec. locations moved) 


Load OO and 01 with ЗО OF respectively. Push run and 
check the locations (starting with 20 hex) to see if program 


or test data has been moved using this method. 
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5. Music by MOEWS 

Here is a program to demonstrate the music playing capability 
of your SUPER ELF, This program was written by PAUL C, MOEWS, 

This section 1s copyrighted by Paul and reproduced by permission, 
Paul has written two excellent books which are available from 
QUEST with his third expected in the spring of 1979, 

The Elf is a computer which is particularly easy to program to 
produce musics; all that is necessary is to attach a speaker to the 
Q line. Simple music can then be played by turning the Q line on 
and off to produce tones of the proper frequency and duration, 

A number of different approaches to the necessary musio program 
are possible, The program might be designed so that the notes of 
the tune to be played can be stored in a compact form; for example, 
five bits might be used to designate one of 32 notes and three bits 
to specify one of 8 note durations, This method would lead to a 
compact table of notes but would require a fairly complex program to 
decode the notes, 

Another method, the one used here, is to write a very simple 
program which uses a more complex and less compact table of notes, 
More work has to be done to set up the table of notes and more memory 
15 used by each note as a trade off for this simple program, However, 
there are often advantages to a simple approach, Опе advantage is 
that the operation of the program 15 easy to understand, Another 18 
that the program can easily be modified to suit other purposes, 

In the program that follows the musical notes are stored in a 
table in memory; each note takes 3 bytes. The first bytes desig- 
nate one of 255 frequencies; if the byte is 00 silence (a rest) 
occurs, The duration of the note is specified by the next two 
bytes, The program plays music by picking up the notes one after 
the other from the table and producing the right tone for the proper 
period of time. Tones are produced by turning the Q line on and 
off to produce a square wave, The delays while Q is held on or off 
are obtained by successively substracting one from the D register, 


1,е, 87 7B load D from R(7).0, turn Q on 
loo T “BE 01 subtract one from D 
32 loc 1 to location 1 to subtract one 


more 1f D 1s not equal to zero 
ΠΑ 89 turn Q off, load D again, etc. 
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For an Elf with а $ x 3.579545 Mhz crystal the instruction pair 

FF 01, 32 (loc 1) takes 0.00001788 seconds and if the D register 

is set to 107(base 10) (6B(base 16)) for both Q on and Q off a note 
with a frequency of about 261 Hz is produced (middle C). By count- 
ing the number of times Q is turned on and off we can κ όν the 
duration of the note, 

In order to write music we have only to set up а table of 
values to be transferred to D to produce the proper frequencies and 
a table of the number of cycles to be counted to obtain notes of the 
right length. Such a table is provided below, Note that 256 (base 
10) 100 (base 16) is added to the number of cycles in the duration 
count because the high order byte is the one checked to see if the 
proper number of cycles has been produced, 

To use the note table music from any source is obtained (simple 
piano or recorder music is suitable) and coded with the aid of the 
table, An example where the first few notes of Beethoven's Fifth 
Symphony have been coded is given below, First the timing of the 
notes is chosen to give what seems an appropiate interval, in this 
case 1/8 notes are held for 1/4 second and 1/2 notes for 1 second. 


Table Entry 
note duration 
1/8 rest 00 01 37 
1/8 G 17 01 62 
1/8 с 17 01 62 
1/8 0 ц? 01 62 
1/2 D# 5А 02 37? 
1/8 rest 00 01 37 
1/8 F 50 01 57 
1/8 F 50 01 57 
1/8 F 50 01 57 
1 D 5F 03 4C 


- 
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The music program will play these 10 notes if they are loaded into 
memory in locations 30 through 4D and the correct number of notes 
(OA (base 16)) is placed in M(OO 01), A "mystery tune" is also 


provided, 


Address 


00 


03 
06 
09 
OA 
OD 
ОР 


11 


13 
15 


19 
1A 


16 
1р 


21 
23 
27 


29 


21 


01 
87 
01 
9с 


19 


ج > 


ВЕ 


72 АС 


ЗА 1р 


3A 23 


Simple Music Program 


Notes 
load number of notes to R(8).0. 
here 30 (base 16) for mystery tune 
or OA (base 16) for Beethoven 
starting address of note table to R(A) 


make R(A) the X register 

loop for a short delay between 
notes - F8 02 BE, etc., for a longer 
delay - F8 80 AE 2E 8E, etc., for 
a shorter delay 

load first and subsequent notes to 
D and R(7).0 

display note and decrement note count 
load note duration (number of 
cycles plus 256 (base 10) to R(C) 
load current note to D 

1f noteis 00 it’s a rest = skip 

Q on loop 

turn Q on 

waiting loop for Q on count till 

D equals 00 

turn Q off, load note again 
waiting loop for Q off 

decrement cycle count, load В(С).1 
to D 

to location 19 to check for rest 
and begin next cycle 1f note 

1s not finished 


124 


Note 


Hertz 


110 
117 
123 
131 
138 


147 
155 
165 
175 
185 


196 
207 
220 
233 
247 


261 
277 
294 
311 


329 


350 
368 
394 
417 
ЧЭ? 


466 
491 
528 
559 
595 


621 
666 
699 
736 
218 


Time, seconds 


Hex 1/8 1/4 3/8 1/2 5/8 
FE O10E 011C | 0129) σον 20115 
FO onoke OVID? OT2G ον ον 
Ε3 OOF’. OLIF 012Е ους 01 р 
Ρ6 0140 0121: 01312201 2 0158 
СА 0111 0123 0134 ου 0157 
ВЕ 01124, 70125 : 0137 ο 42 OG 
BY 0113 0127: 013A ο 0181 
ΛΑ 0115 : 0129; OTSE ο OUO 
AO 0116 | 0120: 0112 701577 0450 
97 0117 | 012E ο. 015D ο 


ТЕ ome 0137 10153 σα ΠΠ 
Τ8 0110; 1. 0157 ΤΌΠΟ ο 
Ti 011Е 013E 0150 24017 ΠΡ 
6B 0121 0111 0162 720193: 0143 
65 0123 0145 0168 01864 0118 
5F 0125 . OflA 0166 0193. OES 
5A 12 OME 0175 ΟΕ πια. 
59 0129 ; 0152: 0178 OAS ONCE 
50 012C +0157; 0183 ΟΠ 0088 
uc 012E OC} 018A ΟΙ. DIED 
47 0131 0182: 0191 ΠΠ. ος 
43 0134 0168 019D 01D1 0205 
40 0137 —-016D- = ОТАЦ ODA δι 
3C 013A . 0175 ОТАЕ ΟΡΟ 08285 
39 0130  O17B 0186 201 22209898 
35 0142 0184 0166 0208  024А 
32 0146. 018C 0122 "0218 025E 
2F O14A 0195 ОТЕ 022A (0271 
2р O14E | 019B 01Ед 0237 0284 
2А 0153 0146 OFA O24D 02А0 
28 0157 О1АЕ 0206 «0298 0285 
26 0150 . 01B8  O214 0270 σος 


6. Video Graphics by MOFFIE 


Here is a program to demonstrate the Video 
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Graphics capability of your SUPER ELF, This game 


Was written by Richard Moffie. 


Fire a bullet across the screen at a moving target. 
Only 256 bytes of memory are needed. A target moves 
vertically on the right side of the screen. To fire а 
shot, press and release the INPUT switch. The score is 
shown on the data display: first digit shows the num- 
ber of shots and second digit shows the number of 
hits. Target speed can be changed by altering byte 45, 
Bytes 90-FF must be loaded with 00 since the program 
does not clear the game area. 

The game uses the bottom part of the TV screen as 
a playing field, with the upper part being used as pro- 
gram storage. A target moves vertically downward at 
the right of the screen, returning to the top when it 
reaches the bottom. At the far left is a shot which can 
be fired by pressing the INPUT button briefly. There 
is a delay loop to slow the speed of the shot and target 
so that they can be seen. In addition, there is a 
counter (set to OA hex in byte 45) so that the target 
moves slower than the shot labelled delay counter 2 
on the flowchart. 

The target is always moving in the program (except 
between the time INPUT button is pressed and when 
it is released). When the INPUT is pressed, the O line 
is turned on. This results in a click when the shot is 
fired, and another when the target is hit, but more 
important, it lets the computer know that the shot 
has already been fired so that each time through the 
loop, it will move the shot rather than wait for INPUT. 
R8 stores the score, with 10 being added each time a 
shot is fired, and 01 when a hit is made. In this way, 
the data display shows the number of shots (left digit) 
and the number of hits (right digit). 

When the shot reaches the right side of the screen, 
its position is compared with that of the target, and if 
they are the same, a hit is recorded. If not, it is a miss; 
and the program resets for the next attempt (except 
for the score which records the attempt). 


LOC.# 


00 
05 
08 
0B 
ОЕ 
OF 
11 

15 
18 
1B 
1E 
20 
23 
26 
29 
2D 
30 
34 
37 
3B 
3E 
42 
44 
48 
4С 
50 
54 
57 
БА 
5С 
61 

66 
68 
6D 
71 

74 
77 
7В 
7E 
82 
87 
8B 

90-FF 


F8 2D A3 
F8 ВЕ A2 
F8 11 A1 

D3 

7270 

22 78 22 2 
C4 C4 C4 

F8 7F AA 
F8 00 AO 

80 E2 

E2 20 A0 

E2 20 A0 

E2 20 A0 
3C 1E 30 OF 
E2 E2 69 

F8 00 A6 АВ 
F8 CO A7 
Ε8 80 57 7Α 
F8 02 BB 

2B 9B 3A 3E 
16 86 

FD 0A 3A 5A 
F8 00 55 A6 
85 FC 08 A5 
FD FF 3A 57 
F8 97 A5 

F8 80 55 

31 68 


3F 34 37 5E 7B 
88 FC 10 A8 52 


64 22 


07 F6 57 3B 74 


F8 00 57 17 
F8 80 57 
87 FA 07 
FF 07 3A 3B 
87 5A 85 
FF 00 3A 34 


88 FC 01 A8 52 


64 22 30 34 
00 00 00 00 00 
00 


OP CODE/DATA COMMENTS 
F8 97 A5 7A C4 


Initial shot position 
Display refresh 


Initialize registers 
Initial shot position 


Delay 


Change byte 45 to adjust target speed 
Move target 


If target at bottom of screen, 
return to top position 


If shot fired, move shot 
Check for shot fired (Q on=fired) 
Increment shot counter 


Move shot 


Is shot across screen? 


Did shot hit target? (5A stores 

target position in byte 7F) 

If so, increment hit counter 

Display score, set up for next shot 
Stack 

Display Area (Set to 0— blank screen) 
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Move Target 
To Top of 


YES 


Display 


NO 


Target Practice Game 


Initialize 

R1, R2, R3 for 
Display Refresh 

R5 Target Position 
Q=OFF 


Display 
Refresh 


Routine 


Initialize 

R6-Display Counter 2 ` 
R7 = Shot Position 

R8 = Score 

RB = Delay Counter 1 


Delay Loop 
1 


Delay Counter 2 
(So Target Moves 
Slower Than Shot) 


Move Target 


(If R6=0) 


Is 
Target At 
Bottom of 
Display? 


NO 


Was 
Shot Already 
Fired? 
(Q=ON) 


NO 


YES 


Move Shot 


Has 
Shot Moved 


Across Screen 
? 


YES 


Did 
Shot Hit 
Target? 


Increment No. 
of Hits 


(On Data Display) 


(Target Only Moves Once for 
10 Loops; Since RG = ОА Hex) 


Is 
Shot Now 
Being Fired? 
(Input Pressed) 


NO 


YES 


Turn QON 


Increment 
No. of Shots 


(On Data Display) 


THE TARGET GAME 


VIDEO GRAPHICS DISPLAY SOFTWARE 
You can get a "stand alone" copy of the video 
graphics software. [This is the same software featured 
in the Quest Super Elf Supermonitor]. This package 
is fully documented and includes a detailed discussion 
of the theory of operation; flow diagrams, source and 
object code listing. 

FEATURES: Real time EDITOR with 
blinking cursor, page 
selection and more 

REQUIRES: One half page of RAM 

(will run from any page 
and display any page) 
The software and documention can be ordered by 


sending $2.50 plus 50g for shipping to QUEST Elec- 
tronics. 


NEW ELF BOOKLET 


A new booklet entitled Programs for the COS- 
MAC Elf—Music and Games is available. The 
author, Paul C. Moews, has written programs for 
“Morra” (a match wits with the computer guessing 
game), Bridg-it, reaction time tester, tic-tac-toe, 
music programs, monitor type subroutines and 
more. The 45 page booklet was written for the 
basic 256 byte Elf but getting the programs to 
work in expanded memory requires nothing 
more than initializing the high order addresses 
to 00. The explanation of each program is good 
and the programs are documented. The booklet 
can be ordered by sending $2.50 plus 5064 for 
shipping to OUEST Electronics. 


QUESTDATA 
P.O. Box 4430 
Santa Clara, CA 95054 


Payment. 
О Check or Money Order Enclosed 
Made payable to Quest Electronics 
[1 Master Charge No. . E νο 
E BameAmeneard No. — — — . . .. 
ὗν. .-...........-------Ξ-.- 
Expiration Date: 


Signature CITY 


Please start my subscription with Issue No. 


m æ < eae нв s s“ өв нв eww жэ ©з єт шә ©з єт» ©з ewe жы =з Өвв =з ©з =з =з шз шз == н шо ано о ә á- өв» 


A one year subscription to QUESTDATA, the monthlv publication devoted 
entirely to the COSMAC 1802 is $12. 
(Add $6.00 for airmail postage to all foreign countries except Canada 


NAME 


i s σα επ Pet E аз ыс E E MERE 


ADDRESS 


CANONE πο σα Βλ TO ας А к уя ы шз о мшш ыш ыш 
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NEWS FLASH! 
CHIP-8 INTERPRETER FOR ELF 
A new booklet by Paul Moews 


At last Elf users and VIP users can speak in one 
common language—CHIP-8 INTERPRETER. The 
CHIP-8 interpreter for the Elf is identical to the RCA 
VIP version in every way. It is fully relocatable and 
includes many original additions to the language such 
as new skip instructions, multiply, divide and 16 bit 
display. Ран! Moews has designed the interpreter to 
work with 4K Elf systems with 1861 video. 


The Moews INTERPRETERS booklet is available 
from Quest Electronics, P.O. Box 4430, Santa Clara, 
CA 95054 for $5.50 plus .50 cents postage and handl- 
ing. 


GRAPHICS BOOKLET 
bY PAUL C. MOEWS 


There are a lot of interesting things you can do with 
graphics with your basic 256 byte Super Elf or Elf II. 
This booklet shows you how to make your Elf into a 
kaleidoscope pattern generator and tickertape-like 
display system. You can also have a horse race on 
your video screen. The final two programs are a TV 
stop watch and a TV clock; the clock shows hours, 
minutes, and seconds and is completely setable. The 
booklet contains a discussion of graphic interrupt 
routines along with the eight programs. 

This exciting new booklet can be yours for only 
$3.00 and 50 cents extra for postage and handling. 
Please make checks payable to Quest Electornics. 


and Mexico.) 


Your comments are always welcome and appreciated. We want to be 


your 1802 5 best friend. 


STATE ZIP 


7/14/80 
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Address Code Notes 


2B 88 ЗА ОА 1f note 1s done comes here, load 

note count to D, back to OA 

for next note 1f more notes to do 
2E 30 00 j or 1f done with all notes, start over 
30 == table of music starts here 


Mystery Tune - !8 (base 10) notes (30 (base 16)) 


Location Code Location Code 
30 2F 01 4A ?8 2F 01 4A 
33 35 01 42 7B 35 01 42 
36 39 01 3D ΖΕ 39 01 35 
39 47 01 31 81 ‚ 4701351 
30 47 01 31 8h 87 01 31 
ЗР $F 01 25 87 5F 01 25 
82 №? 01 31 ΒΑ 4? 01 31 
45 47 01 31 8D 47 01 31 
48 39 01 3D 90 39 01 3D 
4B 87 01 31 Exi 47 01 31 
4E 39 01 3D 96 39 01 3D 
51 2F 01 5A 99 2F 01 4A 
54 35 01 42 90 36 01 42 
57 39 01 3D 9Р 39 01 Эр 
5А 35 01 42 A2 35 01 42 
5D ho 01 37 А5 39 01 30 
60 40 01 37 АВ 35 01 42 
63 5Р 01 25 | АВ lo 01 37 
66 40 01 37 ΑΕ 2F 01 hA 
69 40 01 37 B1 35 01 42 
6c 35 01 42 B4 39 01 3D 
6F 40 01 37 B7 4? 01 31 
72 35 01 42 BA 47 01 31 


75 2А 01 53 BD 47 01 C5 


entry 


initialize counter 
for notes - 
address for 
first note 


y 
between 
notes 


pick up note 
(frequency) & 

duration (no, cycles) 
from memory 


produce 


note 


increment 
note 
count 


MAIN PROGRAM 


Flow Chart 


go 
< enough? > 
ye 


increment 
cycle count 


yes 
Y 


S 


PRODUCE NOTE 


